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THE ROAD TO BETTER 
POWER BRAKING! 


There's no need to be puzzled about the question of efficient 
power braking for any commercial vehicle. Where the 
preference is for a hydraulic system, Hydrovac, with over 
two and a half million installations, has proven itself the 
undisputed leader in its field. And for vehicles where air 
actuated brakes are the choice, the new Bendix Air-Pak 
air-hydraulic power braking unit is foremost in its field. 


Air-Pak, similar in design and principle to the Hydrovac, 
changes air pressure into hydraulic pressure by means of 
two direct connected pistons, thus combining all the well 


proven advantages of hydraulic brake action with an air 
brake system. 





Products of twenty-five years of practical braking experi- 
ence, these outstanding power braking systems offer 
faster, more positive and better controlled braking. And in 
both the vacuum and the air actuated units, brakes can be 
applied instantly by foot power alone—oa safety factor of 
tremendous importance. Remember, regardless of size of 
vehicle or whether your preference is for vacuum or air 
actuated brakes, for the industry's finest power braking 
systems—specify Bendix* Hydrovac* or Bendix Air-Pak. 


*REG. U.S. PAT. OFF. 







Air-Pak 
air-hydraulic power 
brake unit 


Hydrovac 
vacuum-hydraulic 
power brake unit 


Bendix 


BRAKING HEADQUARTERS for the AUTOMOTIVE INDUSTRY Pr oduc 1s 
BENDIX :Siviicx - SOUTH BEND Orvision 


Export Seles: Bendix international Division, 72 Fifth 
Ave., New York 11, N.Y. « Canadien Seles: Bendix- 
Eclipse of Canede, Lid., Windsor, Onterie, Cenade 
aviation coarenation 











SAE Means: 


Success At Engineering 


AE is great, it seems to me, because it does well 

what it sets out to do—and sets out to do just 
what its Founders suggested. 

Our original Constitution said we were “to pro- 
mote the Arts and Sciences connected with Auto- 
mobiles and Automobile Construction, by means of 
meetings for social intercourse and the reading and 
discussion of professional papers . . . and to circu- 
late, by means of publications among its members, 
the information thus obtained.”’ 

Every time a Constitution Committee, a Council, 
or an SAE membership looked over our setup to 
modernize it, they came up with the same conclu- 
sion about what we ought to be aiming at. They 
changed “Automobile” with a capital letter to 
“automotive” with a small one, and added a phrase 
to include users as well as “constructors,” but the 
basic meaning wasn’t changed. Our 1951 marching 
orders tell us: 

“To promote the Arts and Sciences and Standards 
and Engineering Practices connected with the de- 
sign, construction, and utilization of automotive 
apparatus... .” 

Four or five major overhauls of the SAE Constitu- 
tion, in other words, haven’t changed basically this 
definition of objective. .. And I can see why. 

That fixed objective, I believe, has played a big 
part in SAE’s growth to greatness. It has made 
possible many things. Among them: 

1. Concentration of member time and effort in 
areas of unquestioned mutual interest. SAE has 
been able to come through with what it claimed to 
offer in useful, pertinent exchange of ideas. 

2. Almost complete absence of non-essential dis- 
agreements. Coming together as automotive engi- 
neers to discuss engineering, its members have pro- 
vided themselves a climate in which only engineer- 
ing exchanges thrive. Differences of politics, eco- 
nomics, religion, personal ambitions don’t get in the 
way. 

3. Building of cumulative, related paths of 
knowledge and cooperative action by its 46-year 
parade of members. Using a common road map, 
each SAE generation has improved the highway toa 
permanent, common goal. SAE hasn’t chanced 
bogging down in detours. 

4. Prevented dissipation of available member 
time over too wide areas of activity. SAE’s strength 
lies in doing well its appointed job; leaving related 
interests to others. 

These are among the major conclusions I have 
reached from studying SAE history, policies, and 
programs. I’ve been enthusiastic about SAE ever 
Since I joined it back in 1928. But when I became 
president a few months ago, I started to analyze 
that enthusiasm. As president, I knew I would be 
talking much of SAE in the forthcoming year. I 
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wanted to be able to explain some of the whys of my 
esteem for the organization—not just record its ex- 
istence. 

So, I tried to look behind the scenes; I sought a 
basic cause for our idea-packed meetings, our out- 
standing publications, and our vast technical com- 
mittee service to industry and government. And the 
more I looked, the more I became convinced that 
SAE’s Constitutional singleness of purpose has as 
much to do with our success as any other single 
factor. 

That’s why I wanted our 1951 Council to reaffirm 
the single-purposed interpretation of our Constitu- 
tional provision about SAE’s objective—as other 
Councils had done before it. 

So, I asked the Executive Committee to review 
again the possibilities for other than strictly engi- 
neering activities which have appeared from time 
to time. Political stands on local or national issues 
were discussed and discarded—even though the 
issues might involve a need for engineering knowl- 
edge. Participation by SAE Sections in local organi- 
zations likely to be involved in political, economic, 
or commercial questions was also scanned. 

The result was a resolution, unanimously approved 
at the April Council meeting, which—following the 
usual whereas’s—concluded: 

“The SAE Council reaffirms previous interpreta- 
tions of Section C2 as limiting Society activities to 
the technical and scientific areas of automotive 
engineering and that it therefore is not empowered 
to authorize direct or indirect participation by the 
Society or any of its agencies in activities which lie 
outside these areas.” 

I believe the Council’s action is another firm stride 
toward the common goal of SAE members. 
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UTLOOK for major expansion in future supplies 
of nonferrous metals is not encouraging, except 
for aluminum and magnesium. For copper, lead, 
and zinc we’re dependent on new major ore dis- 
coveries, either domestic or foreign. For the light 
metals, it’s a case of developing additional supplies 
of cheap power, with mine output no serious prob- 
lem for the present in the case of aluminum, and 
never a problem for magnesium. 

For the immediate future, domestic price controls 
and tariffs will raise hob with our imports. Plans 
recently announced for setting up an international 
program for stimulating production and allocating 
supplies will take plenty of time to effectuate—it’s 
an exceedingly complex matter. Eventually, this 
may do some good. But it’s really wishful thinking 
to believe that the extraordinary demands for 
metals such as we’ve been recently experiencing— 
for guns, plus butter, plus hoarding, plus panic buy- 
ing, plus speculation, plus government stockpiling— 
could ever be met. And frankly, it would be sense- 
less to try to meet them in full. 

We'd undoubtedly be in much better shape so far 
as domestic output of critical and strategic metals is 
concerned if our fiscal climate in the past decade or 
more had been more conducive to capital risks in 
the long-shot game of mineral exploration and de- 
velopment. A 1950 canvas of companies represented 
in the Mining & Metallurgical Society of America 
indicated a decline in domestic exploration and de- 
velopment for strategic metals of 96%; for precious 
metals of 90%; for copper, lead, and zinc of 57%; 
and an average for all nonferrous metals of 74%. 
These are percentage declines, 1950 compared with 
1940. 

Official state figures on numbers of underground 
lode operations in a few of the western states are 
even more shocking. Between 1940 and 1950 these 
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operations declined as follows: 95% in Oregon, 76% 
in California, 63% in Nevada, and 89% in Utah. 
These startling figures prove conclusively that 
something is haywire. 

Mining men are in full agreement that the situa- 
tion stems from the unfavorable environment that 
for many years has prevailed in government regu- 
lations relating to taxation, tariffs, and mine financ- 
ing. Our government leaders and legislators could 
well take a leaf from Canada, which recognizes the 
special and unique problems of mining through 
much more liberal fiscal policies. Unless this is 
corrected in the United States, our minerals are 
bound to become more and more scarce and costly, 
with greater and greater dependence on distant and 
insecure foreign resources. 

Following are highlights of the supply-demand 
picture, stockpiling, controls, foreign developments, 
and future prospects for copper, lead, zinc, alumi- 
num, tin, cobalt, cadmium, and diamonds. 


Copper 


Consumption in 1950 was just short of 11 million 
tons. Of this, about two-thirds came from domestic 
mines, and the remainder from scrap and from im- 
ported ore, concentrates, and refined metal. Gov- 
ernment stockpiling and exports took additional 
large tonnages. 

In order to meet these record demands, stocks 
were drawn on heavily—total stocks of refined cop- 
per held by producers, custom smelters, consumers, 
and nonconsumers dropped about 133,000 tons. 
Producers’ stocks of refined metal were down to 
49,000 tons at the end of the year—less than a two 
weeks’ supply. 

Projecting recent mine production figures over 
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HIS country’s demand for steel is likely to reach 

100 million net tons of ingots in 1951. We can get 
the ore to meet the demand. But we will probably 
have to step up our mine-to-smelter transportation 
system and face shortages of coal, scrap, and alloy- 
ing elements. 

To produce 100 million net tons of steel ingots 
will require 103.4 million gross tons of ore. These 
sources might furnish it shipped: 

Millions of gross tons 


Lake Ore 81.4 
Southeastern States 8.0 
Western States 5.0 
Northeastern States 4.0 
Chile 2.5 
Sweden 1.0 
Venezuela 0.5 
Miscellaneous 1.0 


The ore is available—as long as we can get it. 
Foreign ores subject to open ocean shipping con- 
stitute only 5% of the foregoing total. But whether 
domestic sources could make up the deficit if this 
5% were cut off is questionable. One reason is that 
for years this country’s long-range tax policy has 
severely limited development of our ore mines. We 
lack entrance to the ore and transportation facili- 
ties from working area to point of assembly for 
shipment. 

No new domestic or foreign source, even up to 1% 
of our need, is in sight for 1951. Venezuela probably 
won’t cross the million tons per year mark before 
1953. The new Labrador and South American ores 
are further into the future. 

Moving the Lake ore to the smelters will require 
rail as well as ship transportation. At the close of 
navigation in 1950, ships had carried 78 million gross 
tons of ore on the Lakes. The railroads moved 
probably more than 2 million gross tons from the 
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Upper Lakes by the end of 1950. Rail shipments will 
continue until navigation begins again in May. If 
annual demand rose above 100 million net tons of 
ingot steel, surely the 48-hr weekend tie-up of most 
transportation facilities would have to end. 

The amount of coal that will be available for steel 
production is up to the head of the miners’ union. 
In 1948, the year when steelmakers turned out 
about 90 million ingot tons, 107.6 million tons of coal 
yielded 74.9 million net tons of coke. Of this, about 
60 million net tons went into the making of iron and 
ferroalloy. The foundry industry used about an- 
other 4 million tons. 

Defense demands dislocate the whole pattern of 
scrap. While industry shuts down to convert from 
peacetime production to defense orders, it produces 
little scrap. Even when war production begins, 
scrap does not appear immediately, as production 
cycles are long. For example, after the ingot for a 
tank gun is cast, it takes about one whole year before 
rifling of the bore and final inspection reveal 
whether the product is a weapon or scrap. The 
very highly alloyed steels find end use in products 
taking the longest time to fabricate. Wartime scrap 
lag is about three times the peacetime lag. 

When scrap does begin to flow back to the steel 
melting furnaces, it presents a new problem: how 
to salvage the precious alloying elements. During 
one period in World War II, the Central district of 
Republic was deriving 15% of the weight of its 
alloy-steel ingots from alloy turnings. Even so, the 
plant was not using up all the scrap generated by 
its alloy users. 

Alloy-bearing scrap can be saved by electric- 
furnace melting. But power requirements limit its 
use. Scrap remains a problem as long as war con- 
tinues. 


No one knows yet what alloy steels and how much 
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Table 1—Consumption of Alloying Elements 


1948 Consump- 1949 Consump- 


tion, lb tion, lb 
Chromium 212,708,570 148,442,803 
Cobalt 916,953 991,645 
Columbium 796,495 632,051 
Molybdenum 16,348,818 11,243,780 
Nickel 76,763,848 51,882,941 
Titanium 3,784,965 4,222,221 
Tungsten 4,313,518 2,170,483 
Vanadium 1,550,147 1,079,024 
Zirconium 2,069,335 1,440,141 


Table 2—Consumption of Copper, Lead, Tin and Zinc 


1948 Consump- 


1949 Consump- 
tion, net tons 


tion, net tons 


Copper 66,588 63,030 
Lead 22,518 19,242 
Tin 38,363 35,950 
Zine 252,588 267,019 
Table 3—Consumption of Ferroalloys 

1948 Consump- 

tion, net tons 
Ferromanganese 647,617 
Spiegeleisen 112,610 
Ferrosilicon 814,297 
Ferrophosphorus 32,297 
Ferrotungsten 2,324 
Other ferroalloys 282,376 





of them the industry will be called upon to produce. 
Whatever the alloy demands are, they will be dif- 
ficult to meet. 

In 1945, when the jet-engine program reached 
the alloy-steel division of the World War II equiva- 
lent of the present NPA, it was found that high- 
temperature parts would require substantially all 
the available nickel and low-carbon ferro-chromium 
as well as more than the visible supply of colum- 
bium, cobalt, and tungsten. Future aircraft pro- 
grams may be just as bad or worse. 

Tables 1, 2, and 3 show some recent figures on con- 
sumption of alloying elements and other metals 
used in steel production. Here are predictions of 
what we can expect to have in the future: 


Manganese 


In case of all-out war, we may have to fly in our 
manganese from Africa. Russia has been the big 
producer of this element. The African Gold Coast, 
the Union of South Africa, India, and Brazil are now 
major suppliers of the United States. 

Imports into this country for consumption totalled 
610,000 tons of contained manganese during the first 
eight months of 1950. This indicates that some 2 
million tons of manganese ore entered in 1950. War- 
time needs could be expected to be much higher. 
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Columbium 


This element, used to stabilize chromium-nickel 
stainless steels and as a component of super alloy 
metals, will probably be the scarcest. Total pro- 
duction is barely 1,200,000 lb per year. Nigeria, the 
single important source, uses small placer mines 
not amenable to modern dredging or mechanized 
mining. 


Vanadium 


Although war doubles peacetime demands for 
vanadium, it should be more plentiful than other 
alloying elements. However, U. S. vanadium-ore 
production figures are not made public because this 
ore is usually associated with uranium ore here. 

Peru, Southwest Africa, and Northern Rhodesia 
also produce important quantities of vanadium ores. 


Molybdenum 


Consumption is decreasing. The steel industry 
used less than 12,000,000 lb in 1949. Any major war 
program would reverse the trend. 

In recent years, more molybdenum has come 
from molybdenite from the porphyry copper mining 
operations than from the molybdenum mines at 
Climax, Colorado. 


Titanium 


There should be ample titanium for stainless steel. 
Ferrotitanium supply for the industry will not be 
affected by the current developments to produce 
metallic titanium. 


Tungsten 


In peacetime, the United States consumes half 
the world’s annual production. Now that the 
Korean war has shut off China, our primary source 
of tungsten, the rest of the world production will 
hardly meet our needs. 


Chromium 


U. S. consumption in 1948 of chromite, the ore 
from which chromium comes, was 875,033 tons. U.S. 
production was 3619 tons. Most of the difference 
came from Cuba, the Philippines, Turkey, Southern 
Rhodesia, the Union of South Africa, and New Cale- 
donia. Heat-resisting metals require chromium. 
No new deposits of metallurgical chromite have been 
reported. 


Nickel 


Production of nickel is limited now partly be- 
cause neither industry nor government wanted the 
production capacity available in 1949. Production 
cannot be increased by International Nickel’s new 
mines at Sudbury, Ontario, for some time, as it will 
take years to complete work on the headings, drifts, 
and raises which must honeycomb the ore body 
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there. Besides, construction of loading stations, 
haulage ways, and underground repair and service 
stations must precede operation. 


Cobalt 


Judging from experience with production plans 
in 1945, steel men can expect high-temperature 
metals for aircraft gas turbines to require the total 
visible supply of cobalt if war comes. There will be 
demand, too, for cobalt for permanent magnets in 
electronic equipment. 





The United States consumed 5,049,597 lb of cobalt 
during 1948, with the metal industry accounting for 
3,318,428 lb. Only 916,953 lb was used in alloy steels. 

Of the 13,680,000 lb of cobalt produced in 1948, 
9,510,000 lb came from the Belgian Congo, 1,547,000 
from Canada, 613,000 from French Morocco, and 
809,000 lb from Northern Rhodesia. 

(Paper on which this abridgment is based is avail- 
able in full in multilithographed form from SAE 
Special Publications Department. Price: 25¢ to 
members, 50¢ to nonmembers.) 


Nonferrous Materials—continued 


the full year 1951, will give an output of between 
950,000 and 1,000,000 tons—less than 10% ahead of 
1950. Scrap intake by producers is expected to be 
less this year than last, and stocks are down to an 
irreducible minimum. Imports may very well be 
less this year than last, with our tariff and price 
controls tending to channel more of the foreign 
metal to more profitable foreign markets. 

Government restrictions on use, incorporated in 
Order M-11, M-12, and Amendment 1 to M-12, will 
cut demand sharply this year. The 15% cutback in 
January and February rose to 20% in March. Pro- 
hibition of copper usage in a long list of products 
was also effective on March Ist. 

Relaxation of the government stockpiling pro- 
gram announced late in February should offer some 
relief to the stringent supply situation. 

Major problem of the long-term future is mine 
production, since smelter and refinery capacity here 
and abroad are ahead of mine capacity. There are 
only three or four major hopes on the horizon 
domestically: (1) the San Manuel development in 
Arizona, which may add from 75,000 to 80,000 tons 
annually by 1954; (2) the White Pine operation in 
Michigan that could add a similar amount at about 
the same time; (3) the Greater Butte project that 
in the long run will merely balance off depletion of 
present Butte operations and prolong the life of 
the whole district; and (4) the Bisbee East project 
in Arizona, with no current estimate on output. 
Altogether these may add as much as 15 to 20% to 
domestic output, but not until 1954 or even later. 
On the other hand, the net increase may prove less 
than this, due to depletion of presently producing 
mines. 

In the foreign picture, development of the sulfide 
ores of Chuquicamata in Chile will add around 
250,000 tons yearly by 1952, but these, again, will 
largely serve to supplant shrinking future pro- 
duction from oxide ores that have been the source 
of copper in the past. 

In Africa, the comparatively high grade ores of 
Rhodesia could provide substantial future output 
boosts, but power and fuel shortages are serious 
obstacles to any rapid expansion. 

All in all, copper’s future is not nearly so rosy as 
that of steel and aluminum, so far as assured in- 
creases in supplies are concerned. 
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Cadmium 


Cadmium supplies are tied directly to zinc, about 
10 lb are produced per ton of slab zinc by zinc 
smelters and refiners from domestic and foreign 
ores. It’s recovered from flue dusts and sludges, 
and all zinc producers are now equipped with ef- 
ficient recovery facilities. In spite of record output 
of probably 4,500 tons in 1950, supplies were short 
of record demand, and stocks were undoubtedly re- 
duced substantially. Late in December the NPA 
issued Order M-19 which specifically prohibits use 
of cadmium for any purpose or for any product not 
listed in the order, and limits inventories to a 30- 
day supply. 


Lead 


With lead consumption at a record level of about 
1144 million tons in 1950, demand was still not fully 
satisfied. Domestic mine production supplied about 
a third of the needs, scrap a little less, and imports 
about 40%. Imports, incidentally, were the largest 
in the history of the industry, and were especially 
heavy late in the year in order to beat the rise in 
the tariff effective Jan. 1. Stockpiling probably 
took close to 100,000 tons before the program was 
shelved on June 30. Producers’ stocks of primary 
lead were cut in half during the year, from 70,000 
tons to 36,000 tons, the latter representing just 1% 
weeks’ supply. 

Supplies this year will almost surely fall below 
last year’s figure. Somewhat higher mine produc- 
tion will be offset by a serious drop in imports. A 
sizable amount of the record 1950 receipts of for- 
eign lead represented liquidation of stocks abroad 
accumulated during the weak markets of 1949. 
This metal is now gone. Furthermore, European 
demand for the metal will be much higher in 1951 
than in 1950. And with our import duty doubled 
as a result of the cancellation of the Mexican trade 
agreement, foreign metal is bound to seek more 
lucrative foreign markets. 


Other than general regulations which prohibit 
hoarding of the metal and concentrates, the only 
order on lead, M-38, was issued in February, and 
merely limits inventories to a 60-day supply. As 
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a result, it may be expected that lead will be used 
wherever possible as a substitute for metals having 


severe use restrictions. Such possible substitutions 
are quite limited, however. 

Prospects for increased supplies, both domestic 
and worldwide, are slim. Domestically, the western 
copper developments in Arizona and Montana will 
add some byproduct lead, but relatively minor 
amounts. Plans recently announced by St. Joseph 
Lead Co. for an expansion program at their opera- 
tions in Southeast Missouri will probably constitute 
only a small increase in total domestic supplies. 
By and large, our lead resources are in a stage of 
late maturity, with every indication that we'll be 
increasingly dependent on foreign supplies in the 
future. 

Abroad, there are developments in Argentina, 
French Morocco, and Tanganyika that may add 5 
to 10% to world supplies in two or three years. 
Rehabilitation of the war-damaged Burmese mines, 
a major world producer in pre-World War II days, 
is progressing at a disappointingly slow pace. 


Zinc 

Like the other nonferrous metals, the zinc picture 
is one of record or near-record production and con- 
sumption in 1950, with producers’ and consumers’ 
stocks seriously depleted. But demand was and is 
still unsatisfied. 

Consumption in 1950 was a record-breaking 950,- 
000 tons—7% over the previous record in wartime 
1944. In addition, government stockpiling took an 
estimated 125,000 to 150,000 tons. About 910,000 
tons of slab zinc were produced, smelters’ stocks 
were drawn down by about 85,000 tons, and about 
155,000 tons were imported, making total deliveries 
a record 1,150,000 tons. At the end of 1950, smel- 
ters stocks were below 9,000 tons—less than four 
days’ supply. Consumers’ stocks were also reduced 
substantially during the year. At the end of 
October they represented only about a 3-weeks’ 
supply—only about half the amount permitted by 
government regulations. 

Production from domestic mines of 617,000 tons 
was well below the wartime peak of 768,000 tons in 
1942. Imports of ore accounted for an estimated 
270,000 tons, mainly from Mexico and Canada. 

It’s possible that domestic mine output may be 
increased this year by around 10%. Smelter output 
may thus rise to between 925,000-950,000 tons. 
Scrap shortages will tend to hold down smeiter out- 
put to this range. 

The major change in the past decade in domestic 
mine output has occurred in the Tri-State district. 
From its peak output of about 260,000 tons in 1941, 
production dropped steadily to a low of 79,000 tons 
in 1949, and rose only slightly to about 82,000 tons 
in 1950. Thus, the leading zine producing district 
in the United States is now producing less than a 
third as much zine as it did 10 years ago. This re- 
sults from fewer mines producing from lower grade 
ores, and from a virtual stoppage of retreatment of 
old tailings in the district, which accounted for 
much of the output in the past. Although high 
prices will bring out some increase in output, it’s 
doubtful if this district even under an all-out effort 
will or can duplicate its output of World War II. 
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Other than byproduct output from new copper 
projects in the West, there are no major new de- 
velopments in zinc that can boost domestic supplies 
substantially in the future. Increased output will 
come largely by opening up many small marginal 
operations or expanding output from present pro- 
ducers. 

Official stockpile figures are secret, but trade 
members guess it amounts to from 500,000 to 600,000 
tons—the largest of any major nonferrous metal. 
A moratorium on the stockpiling program declared 
early this year will provide some relief. 

Various forms of zinc, zinc alloys, zinc scrap. and 
zinc ores are included under government inventory 
controls, NPA Regulation 1. NPA Order M-9 pro- 
vides limits to which zinc producers must accept 
DO orders, and calls for a 30-day lead time. NPA 
Order M-15, effective December 1, 1950, restricts the 
civilian use of zinc metal and zinc metal products 
during 1951 to an average quarterly rate of 80% of 
the use during the first six months of 1950. Inven- 
tories were set at 45 days or a practical working min- 
imum, whichever was less. Use of zinc to substitute 
for cadmium in electroplating is exempted, and 
maintenance and repair use at 100% of the base 
period is permitted. 

In the foreign field, the only sizable new mine 
production that can be hoped for is some 60,000 
tons annually to be available from French Morocco 
starting in 1953. Canada may boost her output 
this year by some 10% (15,000-20,000 tons). Minor 
increases may be realized from other foreign coun- 
tries. Smelter and refinery capacity will be sub- 
stantially increased by Cerro de Pasco at their 
Peruvian operations, but it’s not clear how far 
mine output will be boosted. Nothing in the way 
of a really major new development is on the horizon. 

Hence, it appears inevitable that zinc will be in 
short supply for some time, assuming moderate and 
steady increases in world demand. It’s quite prob- 
able, however, that the moratorium on stockpiling 
plus the civilian-use cutback will soon permit re- 
plenishment of inventories to permissible limits 
and result in a reasonably balanced supply for the 
nearby future. 


Cobalt 


Cobalt was headlined late last year when Order 
M-10 Amended subjected the metal to complete 
allocation as of February 1, 1951, with the prob- 
ability that uses having low essentiality such as 
radios and TV sets and many household appliances 
will suffer severely. 

We’re using about 2500 tons annually, but this 
will undoubtedly mushroom with expansion of our 
jet engine output. Its principal war use is in so- 
called superalloys for severe service at high temper- 
atures in turbine blades, buckets, and discs. 

In the past we’ve been almost totally dependent 
on foreign sources for our supplies. Most come as 
a byproduct of copper operations in the Belgian 
Congo. Rhodesian output has been earmarked for 
Great Britain. We may get some of the Rhodesian 
ore in the future, together with metal from planned 
operations in Uganda and boosted French Morocco 
supplies. Both International Nickel and Falcon- 
bridge are now recovering substantial amounts from 
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their nickel operations, and the Lynn Lake develop- 
ment will produce cobalt. In addition, the old Co- 
balt district is making another comeback. Alto- 
gether, these foreign sources may supply us with 
some 5000 tons of metal equivalent by next year, 
and more later. 

Here at home, a new development in Idaho should 
yield about 1500 tons per year by 1952. Potential out- 
put from Missouri and tailings from Pennsylvania 
may give us another 500 tons. 

So total supplies by 1952 or 1953 may reach 17000 
tons—almost three times our recent consumption 
rate. But stepped-up defense uses plus essential 
civilian uses and government stockpiling will un- 
doubtedly take all of this, leaving little available 
for applications having low essentiality. 


Aluminum 


Turning to aluminum, we find the same tight 
current position, with severe government use limita- 
tions and prohibitions. On the other hand, the 
longer term outlook appears much more favorable 
than for any of the other nonferrous metals. 

With a 1950 record peacetime output of 714,000 
tons of primary metal, suppliers were still for short 
of satisfying demand. Secondary output, imports, 
and reduction of producers’ stocks raised total sup- 
plies to an estimated 1,170,000 tons, an increase of 
some 300,000 tons over total 1949 supplies. 

It’s my guess that primary output in the first 
quarter of this year will be at an annual rate of close 
to 780,000 tons. With the reactivation of equip- 
ment sold last summer by the government from its 
remaining standby facilities, plus output from re- 
activated high-cost private standby facilities, pri- 
mary production this year may well reach about 
800,000 tons. With curtailed aluminum consump- 
tion, by edict, and increased government stock- 
piling, secondary output from scrap may well fall 
to around 200,000 tons. Imports, however, will prob- 
ably top last year’s figure and comprise another 
200,000 tons. Thus total supplies may well reach 
about 1,200,000 tons in 1951, of which probably 
from 150,000 to 300,000 tons will go into the govern- 
ment stockpile, depending on how rapidly aircraft 
and other military requirements develop. 

As for 1952 and 1953, present plans call for addi- 
tional capacity boosts from three large new plants 
to be built, one by each of the present primary 
producers. There'll be output from two other small 
plants to be built by newcomers in the primary 
metal field, Apex Smelting Company and Harvey 
Machine Company. Probably by mid-1953 we'll 
have an economic capacity to produce about 1,090,- 
000 tons of primary metal plus high-cost capacity 
of around 80,000 tons—a total well ahead of the 
peak World War II capacity of 1,132,000 tons. Much 
of that involved use of high-cost power that was 
uneconomic in normal times. There’s been serious 
talk, of course, of boosting our primary output to a 
figure of some 1,700,000 tons. There may well be 
considerable doubt whether sufficient low-cost, un- 
subsidized power exists in the United States, even 
presently undeveloped, to produce this much addi- 
tional metal prices comparable with those now 
prevailing for primary metal. 

On the other hand, tremendous reserves of low- 
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cost hydro power exist in Canada. Recent reports 
say the Aluminum Company of Canada is now 
ready to start on a new $500 million project in 
British Columbia that will supply some 550,000 tons 
of metal in from three to five years. 

These U. S. and Canadian plans call for virtually 
doubling the North American primary aluminum 
capacity in the next three to five years. Western 
Hemisphere bauxite resources are ample to support 
such a growth expansion, although ore of somewhat 
lower grade may have to be tapped. Early this 
year Alcoa announced plans to build a new alu- 
mina plant in Arkansas to increase their capacity 
by 50%, equivalent roughly to 500,000 tons. They 
are also doubling the capacity of their E. St. Louis 
alumina plant. 

Aside from early NPA regulations on inventories 
and providing preferential rating for DO orders, 
aluminum has been subjected to the following 
orders: 

Order M-5 set ceilings on DO orders that must be 
accepted ranging for various products from 15 to 
40% of average monthly shipments in the first eight 
months of 1950. Amendment 1 to this order, issued 
February 5, raised the top limit to 45%. 

Order M-22 provides for the orderly flow of alu- 
beginning January, 1951, to 80% of the average 
monthly in the first six months of 1950. This was 
reduced to 75% in February, and to 65% in March 
and thereafter. Amendment 2 to this order is sim- 
ilar to the copper Order M-12, Amendment 1, in 
prohibiting after April 1, 1951, the use of aluminum 
in more than 200 products of low essentiality in the 
defense program. 

Order M-22 provides for the orderly flow of alu- 
minum scrap to aluminum producers and certain 
approved smelters and fabricators, and requires 


special NPA approval of conversion deals in alumi- 
num scrap. 


Tin 

Skyrocketing tin prices since the Korean war have 
reflected the terrific scramble to obtain tin from 
southeastern Asia, the world’s major tin source, 
while the getting’s good. But actual consumption 
in the United States in the late months of 1950 is 
estimated to have jumped to an annual rate of 90,000 
long tons from the pre-Korean rate of around 70,000 
tons—about the same as 1949. Added pressure for 
increasing the government stockpile take has con- 
tributed to the unsettled situation. And speculation 
has undoubtedly added its sizable share. About two- 
thirds of our consumption comes from primary 
metal, and one-third from secondary. 

We're totally dependent, of course, on foreign 
sources for our tin, either as metal or ore. We're 
producing about 35,000 tons annually from our Texas 
smelter (its maximum output was 43,500 tons in 
1946), but are dependent on Bolivia and Indonesia 
for ore to feed it. 

World tin production has been in excess of con- 
sumption for several years. Were it not for stock- 
piling, hoarding, and speculation, current output 
(about 173,000 tons in 1950) would be more than 
adequate to meet anticipated consumption. World 
stocks of tin, including that afloat and in ore and 
concentrates, amounted to 228,000 long tons at the 
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end of July, 1950, of which U. S. stocks were 176,000 
tons, including an estimated 110,000 tons in the 
government stockpile. 

Development of electrolytic tin plating and 
solders with greatly reduced tin content during the 
past decade has spread our tin intake a lot thinner 
than with the old hot-dip process. The coating is 
only one-half to two-thirds as heavy, and tin con- 
tent of can solders has been reduced from 40% to 
8%. Percentage of tinplate produced electrolyti- 
cally in the U. S. has jumped from 3% in 1942 to 
57% in 1949. Five new electrolytic lines will be 
added this year and next, boosting this percentage 
a lot higher. 

Controlwise, a flood of orders and regulations 
was issued late in January. Order M-8 Amended 
was a comprehensive regulation enumerating per- 
missive uses of tin; limiting quantities so used in 
comparison with the base period to 100% in Jan- 
uary and 80% in February and March; limiting in- 
ventories; providing for signed certifications; and 
requiring the filing of reports. Probably of main 
interest to automobile builders is the permission to 
use 20% tin solder for a filler or smoother for auto- 
mobile bodies or fenders, 21% tin solder for cellular- 
type radiators, and 30% solder for fin- and tube-type 
radiators. Order M-24 deals with tin plate and 
terneplate. M-25 is a metal-can specification and 
limitation order. M-26 is a tin-plate closure order. 
M-27 deals with collapsible tubes. 


Magnesium 


Magnesium, too, was in short supply for the last 
half of 1950 and remains thus. Voluntary alloca- 
tions were invoked by industry in mid-year and still 
continue, in order to assure a reasonably equitable 
distribution of metal for civilian use. Government 
orders concerning inventories and hoarding have 
supplemented allocation action by private industry. 

Output of primary metal in 1950, estimated at 
16,000 tons, was about 35% ahead of 1949. But 
production at the only producing plant—Dow’s elec- 
trolytic plant at Freeport, Texas—was pushed up 
gradually during the last half of the year, so that 
output now is at the plant’s full capacity rate of 
24,000 tons per year. Secondary metal produced 
from scrap in 1950 amounted to about 6,000 tons. 
Stocks of primary metal were reduced by almost 
5,000 tons. Thus, total consumption in 1950 was 
around 27,000 tons. This was about 50% above 
total consumption in 1949, and reflects the growing 
popularity of the metal for civilian uses as well as 
for military applications. 

In mid-September last year, the government an- 
nounced its intention to reactivate six of the plants 
still held in standby located at Painesville, Ohio; 
Velasco, Texas; Canaan, Connecticut; Manteca, 
California; Wingdale, New York; and Spokane, 
Washington. Together they have a capacity to 
produce 98,000 tons of primary metal—54,000 tons 
by the electrolytic process at the first two plants, 
and the remaining 44,000 tons by the ferrosilicon 
process. Plans were announced in January for the 
reopening of five of the six plants: the Canaan and 
Wingdale plants in mid-February, Painesville in 
April, Velasco in May, and Manteca in July. 

Due to various factors, magnesium from most of 
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these operations will cost more than the metal from 
the Dow Freeport plant, now the sole commercia! 
producer. So the government will pay for the out- 
put on some sort of cost-plus basis and stockpile it 

With the reactivation of all six government plants 
at full capacity, and capacity operation at Freeport, 
primary magnesium output will be at the rate of 
122,000 tons annually—about five times present out- 
put, but still far short of the record 184,000 tons at- 
tained in 1943 from plants having a rated capacity 
of 293,000 tons. 

Magnesium is presently used in manufacturing 
titanium metal. If, as appears assured, titanium 
output mushrooms as a result of war requirements, 
substantial amounts of magnesium will be needed 
in its production. 

Ore supplies are no problem in magnesium’s 
future, since it is produced most cheaply from sea 
water. Power, however, is a potential bottleneck. 
In the electrolytic process, about the same amount 
is needed per pound as for aluminum, about 9 kwhr. 
Less than half as much electricity is needed in the 
Pidgeon process, virtually all of which is consumed 
in making the ferrosilicon used in the process. 

Of great significance to the future of the mag- 
nesium industry is the plan announced by Dow in 
1950 to construct a continuous rolling mill for mag- 
nesium at Madison, Illinois. Located near St. 
Louis, the recently acquired plant buildings will be 
altered and equipped as soon as possible. Plans 
call for completion of the plant in 1952. With an 
ultimate capacity of 3 million pounds of sheet 
monthly (compared with total present rolling ca- 
pacity of about 400,000 pounds monthly), this facil- 
ity should go far in lowering substantially the 
spread between prices of ingot and sheet magnesium 
and in boosting the growth rate of this industry. 

The present mobilization program will put mag- 
nesium firmly on the map as a structural material 
for widespread uses and assure its future popularity 
as a tonnage metal for civilian purposes. 


Diamonds 


The automotive industry may well be the number- 
one user of industrial diamonds for cutting and 
abrasive wheels, cutting tools, and for truing abra- 
sive wheels. 

Supplies of crushing bort are very tight. Ship- 
ments in 1950 are estimated at around 4 million 
carats, with the recent rate far below this figure. 
In fact, one large supplier recently advised that con- 
sumption in normal channels is almost three times 
what they’re now getting from abroad. So there’s 
been some talk of tapping government stockpiles. 
But this is undoubtedly wishful thinking at this 
Stage of the emergency. 

The supply-demand situation in toolstones and 
drilling material is reasonably well balanced, but 
with no reserves of the latter. 

Important developments under way in French 
Equatorial Africa may result in a substantial addi- 
tion to world diamond production and reserves in a 
few years. 

(Paper on which this abridgment is based is avail- 
able in full in multilithographed form from SAE 
Special Publications Department. Price: 25¢ to 
members, 50¢ to nonmembers.) 
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Fig. 1—New Chrysler V-8 engine 
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HE hemispherical combustion chamber in the new 

Chrysler valve-in-head, V-8 engine (Fig. 1) was 
chosen after many studies of both conventional and 
unconventional engines (some with rotary and sleeve 
valves) showed that it consistently displayed out- 
standing performance characteristics. It was con- 
sidered the ideal solution to the problem of pro- 
viding those qualities of performance essential to an 
advanced autcmotive design by reason of its ex- 
cellent volumetric and indicated thermal efficien- 
cies, and its ability to maintain these high effi- 
ciencies in service. 

Shown in Fig. 2 is a sectional drawing of the basic 
design. The valves are located within a nearly 
hemispherical cavity in the cylinder head. They 
are laterally disposed in a plane that passes through 
the cylinder centerline and is perpendicular to the 
crankshaft axis. A wide angle is formed between 


the valve stems. The spark plug is quite centrally 
located. 
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Fig. 2 shows that many features of this design are 
conducive to high volumetric efficiency. The valves 
are not crowded together, nor surrounded closely by 
the combustion-chamber walls, and thereby they 
are fully effective in the flow of the fuel-air mixture 
and the exhaust gases. Both ports are ideally 
streamlined with a minimum of directional change. 
Such port shapes are permitted by the specific loca- 
tion and lateral disposition of the valves. The ob- 
vious complete separation of the ports, together 
with the wide space between the valve seats, assures 
that the incoming charge picks up a minimum of 
heat from the hot exhaust. In addition, the flow 
within the cylinder is not restricted by any barriers 
or tortuous passages. 

It has been consistently observed that excellent 
volumetric efficiency can be obtained with this de- 
sign. The well-established principles of gaseous 
flow most certainly support these observations. 

Compression ratio, of course, is an important fac- 
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ITH the introduction of its 1951 passenger-car models, Chrysler announced a new valve- 


in-head, V-8 engine of 331 cu in. piston displacement for its larger models. 
output is specified at 180 hp at 4000 rpm and torque at 312 ft-lb at 2000 rpm. 


Full-throttle 
(See Fig. 1.) 


The performance, efficiency, durability, and general operating characteristics of this new 
engine are outstanding, according to the Chrysler engineers who described it at a recent SAE 


meeting. 


In their paper they discussed some features that established its basic design character and 
are responsible for its high performance. These include: the hemispherical combustion cham- 
ber, the 90-deg V-8 cylinder arrangement, new type of valve actuation, water-jacketed 
throttle-valve body to prevent ice formation, and hydraulic tappets. The authors also cover 
some of the development problems presented by the new design and give its performance 


characteristics. 


Presented here is the part of the paper that describes the new combustion chamber and 
gives a brief discussion of some of its outstanding characteristics. 





tor that influences the indicated thermal efficiency 
of an engine. The extensive publicity of recent 
times has apparently convinced many that it is the 
only factor, and they erroneously judge the effi- 
ciency of an engine by the compression ratio used. 
Differences exist between combustion-chamber de- 
signs that have greater influence on thermal effi- 
ciency than do marked changes in compression 
ratio. An example is presented here that shows the 
Significance of combustion-chamber design upon 
indicated thermal efficiency. 

A single-cylinder engine of 47.2 cu in. displace- 
ment, having a stroke bore ratio of 0.94, was used in 
the evaluation of various combustion-chamber 
types. The indicated thermal efficiency was deter- 
mined for each, operating with a compression ratio 
of 7/1. The full-throttle fuel octane-number re- 
quirement was substantially the same for the four 
chambers that are included in this comparison. 
Shown in Fig. 3 is the thermal efficiency that was 
obtained with an L-head, F-head, conventional 
valve-in-head, and a hemispherical type of chamber. 
Note the difference between the efficiency of the 
L-head and the hemispherical design. The F-head 
is little different than the L-head, and the conven- 
tional valve-in-head is midway between the two 
extremes. All attempts that were made to improve 
the thermal efficiencies of the L-head and F-head 
designs by detailed modifications were ineffective. 
Practical design limitations did not permit any 
significant physical changes to be made in these 
designs. The thermal efficiency of the conventional 
valve-in-head design was improved slightly, but 
only at the cost of a further reduction in volumetric 
efficiency and valve durability. 

The practical importance of such differences in 
thermal efficiency may not be apparent; consider, 
therefore, such differences in terms of compression 
ratio. Assume that the compression ratio of the 
L-head, F-head, and the conventional valve-in- 
head designs is increased for each, to such a value 
that the thermal efficiencies of all are identical and 
equal to that of the hemispherical chamber at 7/1 
compression ratio. These values have been deter- 
mined by assuming that the full indicated air-cycle 
efficiency gain is obtained, which is not always ac- 
complished in practice. In Fig. 4 is shown this com- 
parison, which, for example, discloses that the L- 
head design requires a compression ratio of 10.0/1 
at 1200 rpm, 9.4/1 at 2000 rpm, 8.9/1 2800 rpm, and 
8.5/1 at 3600 rpm to equal the efficiency of the 


hemispherical chamber at a compression ratio of 
7/1. The higher compression ratios, required by the 
less efficient designs, demand of necessity an in- 
crease in fuel octane number. The magnitude of 
this increased requirement will be reflected by com- 
paring the past trends in automotive engine com- 
pression ratio and motor fuel knock characteristics. 
During the past 20 years, for example, the average 
compression ratio of the American-built passenger- 
car engine has been increased by only 1.8 units, that 
is, from about 5.2 to 7.0. This increase was made pos- 
sible only by the substantial improvement in motor 
fuel octane number, specifically about 23 numbers 
in regular-grade, and 16 in premium-grade fuel. 

The higher basic thermal efficiency of the hemi- 
spherical combustion chamber must result in more 
efficient overall utilization of fuel, and with distinct 
gains in other essential performance characteristics. 

Test data have shown a pronounced and consistent 
relationship between surface/volume ratio and in- 
dicated thermal efficiency. From a practical con- 
sideration, the hemispherical combustion chamber 
presents the minimum surface area to the volume 
enclosed, other factors remaining fixed. While we 
believe that this feature of the hemispherical com- 
bustion chamber is primarily responsible fr its 
high thermal efficiency, there are, no doubt, other 
factors that are also of importance. 

The thermal and volumetric efficiencies of an 
engine are adversely influenced by combustion- 
chamber deposits. A great number of cases have 
been observed that show that many engines suffer 
a full-throttle power loss as great as 10% after only 
5000 to 10,000 miles of operation. Most certainly 
this is a significant loss and means, for example, 
that a 250 cu in. displacement engine would do the 
job of a 275 cu in. engine, or that a 3.3/1 axle ratio 
might be used in place of a 3.7/1, if it were not for 
this power loss. This power loss is at least equiva- 
lent to that resulting from a compression ratio re- 
duction of one full unit, and the accompanying use 
of a gasoline of about 10 octane numbers lower. 

Approximately one-third of this loss is due to a 
reduction in indicated thermal efficiency and about 
two-thirds is due to lowered volumetric efficiency. 
Low surface/volume ratio in the combustion cham- 
ber has been observed to be important in minimiz- 
ing this loss. It can be further reduced by avoiding 
all scrubbing of the incoming mixture against de- 
posit-coated combustion-chamber surfaces. The 
hemispherical-chamber design has both low sur- 
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face/volume ratio and free entry of the fuel-air 
mixture into the cylinder. It has consistently 
shown the minimum loss in full-throttle output. 
L-head and similar designs show substantially 
higher losses, commonly in the ratio of 3/1. Some 
conventional valve-in-head designs are no better 
than the L-head types and the best of these have 
shown a loss nearly twice as great as the hemi- 
spherical design. 

Detonation is increased and preignition is incited 
by chamber deposits. Both of these adverse effects 
can be avoided by frequent deposit removal. Det- 
onation can be controlled by using a fuel of higher 
octane number, if available, or by ignition timing 
retard. This latter course further limits the engine 
output. Preignition can be controlled for a time by 
using available higher octane-number gasolines, but 
it cannot be eliminated by ignition timing retard. 
Preignition is probably one of the major limiting 
factors to the use of higher compression ratios in the 
great majority of existing automotive engines. The 
hemispherical combustion chamber has consistently 
shown a minimum in detonation increase and pre- 
ignition tendency with the accumulation of com- 
bustion-chamber deposits. 

Valve life and sealing likewise must be excellent 
in order to assure sustained high efficiency in opera- 
tion. The statement has been made that the poppet 
valve represents ‘a metallurgical triumph over a 
mechanical monstrosity.” While this statement 
may not be far from the truth, the fact remains that 
a better substitute is not evident. The job that is 
required of the valve is tremendous and is often in- 
fluenced by the combustion-chamber design. The 
hemispherical combustion-chamber design is most 
conducive to good valve sealing and life. It is noted 
in Fig. 2 that the valves need not be crowded to- 
gether, but, to the contrary, can be spaced quite far 
apart, still using large valves. Ample metal and 
coolant can easily be provided between the seats. 
Note also, that the pronounced separation of the 
ports permits effective and uniform cooling of the 
valve seats. These factors, together with the 
physical shape of the valve deck, are important to 
the maintenance of round seats. It has been our 
experience that the stability of the valve seats in 
this chamber design is excellent. 

The hemispherical combustion chamber has 
shown other advantages, one of which is a very low 
heat rejection to the coolant. Potentially, this 
means a smaller, lighter, and less expensive coolant 
system for an engine of the same power. The lower 
surface/volume ratio and the extremely short ex- 
haust port that naturally result are probably re- 
sponsible. 

The specific heat rejection has consistently been 
found to be higher in all other conventional types 
(about 40% higher in the better L-head designs and 
at least 20% higher in the best of the conventional 
valve-in-head types.) 

The hemispherical combustion chamber, as a re- 
sult of these observations, was selected for use in the 
new Chrysler V-8 engine because it appeared to be 
the most practical design that assured the perform- 
ance gains that we sought to attain. 

(Paper on which this abridgment is based is avail- 
able in full in multilithographed form from SAE 
Special Publications Department. Price: 25¢ to 
members, 50¢ to nonmembers.) 
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Fig. 2—Cross-section showing hemispherical combustion chamber 
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Fig. 3—Curves showing influence of combustion-chamber design on 
indicated thermal efficiency 
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Facts for Fleet | 


How To Make the Most of Octane Numbers 


LEET operators can take two steps to make best 
use of the antiknock quality of present fuels: 


1. Correct the conditions that cause some units 
to have high octane requirements. 


2. Adjust the remainder of the fleet to take better 
advantage in power and economy of the fuel used. 


Octane number requirements of commercial ve- 
hicles spread over at least a 30-octane-number 
range, surveys show. A gasoline which satisfied 
only vehicles having low requirements would fate 
most engines to low power, inefficiency, and—after 
long periods of heavy knock—to such troubles as 
cracked pistons. 

But a fuel of octane number high enough to 
eliminate knock completely in all commercial ve- 
hicles would saddle low-octane-requirement vehicles 
with unnecessary expense. There must be a reason- 
able compromise if manufacturing cost is to be kept 
at the low level demanded by the trade today. 

Best choice for fleet use, currently at least, is 
leaded regular-grade gasolines. While their ratings 
differ in different parts of the country, they fall 
generally between 81 and 87 Research octane. 


Engines which knock on regular-grade gasoline 
can be improved by these four measures: 


1. Correct ignition timing. 


Production tolerance on distributors is +2 deg, 
which is equivalent to an octane-number variation 
of 4 units. Production tolerances should be reduced 
to within +1 deg. Common timing variations of 
much greater magnitude originate with bent shafts, 
faulty cam lobes, cocked plates, and general wear; 
these flaws are examples—they can raise octane re- 
quirement of individual cylinders 5-10 octane num- 
bers above the others. 

These plus improper advance with speed and ad- 
vanced basic timing can raise antiknock require- 


ment by 5-15 octane numbers. Each degree over- 
advance increases octane requirement approxi- 
mately 1 unit. 


2. Lower excessive temperatures of parts contacting the 
gaseous charge. 


Clean out clogged water jackets. Relieve poor 
valve cooling, valve leakage, excessive manifold 
heat, and causes of too-hot inlet charge. 

The fact that a 10-deg increase in coolant tem- 
perature is equivalent to an increase of 1 octane 
number in passenger car requirement illustrates the 
importance of moderating temperatures. 


3. Clear away combustion-chamber deposits. 


Try a few full-throttle uphill climbs and a high- 
speed run. Occasional full throttle hot runs may do 
enough in reduction of deposits to save expensive 
overhaul or carbon removal operations. 

Deposit accumulation in light-duty commercial 
trucks may add 5-15 octane numbers to the quality 
requirement. 


4. Improve carburetion. 


Correct worn carburetor parts, poorly fitting 
gaskets, manifold deposits, and improperly func- 
tioning valves. These and other faults tend to upset 
mixture distribution and produce lean cylinders. 
Lean mixtures promote knock. 

These measures should bring the 10-15% of 
troublemakers in a fleet to satisfactory nonknocking 
performance on regular-grade gasoline. 

The remaining 85-90% of commercial engines are 
not limited in performance by the antiknock quality 
of regular grade. Perhaps they can be adjusted to 


Continued on Page 31 
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What Engine Oil Types Mean 


HERE are three basic types of engine oils available 
today, one type having five subtypes: 


1. Regular Type 
2. Premium Type 
3. Heavy-Duty Type 
(a) U. S. Army Specification 2-104B 


(b) U. S. Navy Specification 14-0-13a (also 
called 9000 Series) 


(c) Supplemental List 2 (also called Superior 
Lubricants and Series 2) 


(d) Supplemental List 1 
(e) MIL-0-2104 


SAE Handbook defines the three basic types this 
way: 


“Regular Type ... designates motor oil generally 
suitable for use in internal combustion engines un- 
der moderate operating conditions.” 


“Premium Type . .. designates motor oil having 
the oxidation stability and bearing-corrosion pre- 
ventive properties necessary to make it generally 
suitable for use in internal combustion engines 
where operating conditions are more severe than 
regular duty.” 
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“Heavy-Duty Type ... designates motor oil having 
the oxidation stability, bearing-corrosion preventive 
properties, and detergent-dispersant characteristics 
necessary to make it generally suitable for use in 
both high-speed diesel and gasoline engines under 
heavy-duty service conditions.” 


Regular Type 


In practice, regular type means mineral oil with- 
out anything added to increase natural resistance 
to oxidation or to impart detergent-dispersive char- 
acteristics. Regular-type oils do commonly contain 
an additive to lower pour point, sometimes one to 
govern color, and, in special cases, material to pre- 
vent scuffing during break-in. Physical character- 
istics and performance properties vary widely, de- 
pending on crude source and refining methods. 

Until the early nineteen-thirties, regular-type 
oils were the only type sold. 


Premium Type 


Premium-type oils are combinations of well-re- 
fined regular-type oils plus additives to give in- 
creased resistance to oxidation. The aim is satis- 
factory performance with respect to copper-lead 
bearing corrosion and deposit formation in a gaso- 
line engine in fairly hard service. Premium-type 
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oils are expected to perform satisfactorily in the 
CRC L-4 Test Procedure for Determining Oxidation 
Characteristics of Heavy-Duty Crankcase Oils. This 
is the 36-hr Chevrolet engine test. 

There is nothing in the definition of premium- 
type oils to preclude their containing detergent ad- 
ditives. Many do, especially those sold at filling 
stations. However, fleet operators who want stable 
(that is, oxidation-resistant) non-detergent oil will 
find that in the premium-type group of oils. 


Heavy-Duty Type 


Heavy-duty type oils all have an oxidation in- 
hibiting additive to improve oxidation stability and 
prevent bearing corrosion, and a detergent to mini- 
mize deposits. This type has been in use for about 
ten years. The five performance levels of heavy- 
duty type oils evolved during the last five years. 


Specification 2-104B Oils—Back in 1942 when this 
specification was first issued by the Army, it re- 
quired oils to pass five engine tests to qualify. 
These were the 480-hr L-1 and the 3-hr L-2 tests 
in single-cylinder Caterpillar test engines, the L-3 
test in a four-cylinder Caterpillar engine, the L-4 
test in the Chevrolet engine, and the 500-hr test in 
a General Motors diesel. Experience eventually 
showed that oils which passed the L-1 and the L-4 
tests would also pass the L-5 test. The L-5 test was 
dropped, as were the L-2 and L-3. 


Over 700 brands of engine oils qualified under 
Specification 2-104B. But wide differences exist 
between their ease of cranking, fluidity at low tem- 
peratures, oxidation stability, bearing-corrosion pre- 
vention, deposit-forming tendencies, and oil-con- 
sumption rates. There are three reasons for the 
variations in quality: 


1. Competitive bidding required for government 
contracts tended to force quality down to the mini- 
mum. 


2. At the time the L-1 procedure was standard- 
ized, it was not realized how seriously fuel character 
can effect deposit formation. The L-4 procedure 
allows use of rather high-quality fuels. Testers soon 
learned that by using a high-quality fuel, tests 
would produce acceptable piston conditions with 
an engine oil which would not pass with a poorer 
fuel. The resulting tendency was to use the best 
fuel and the least amount of oil additives giving 
a piston acceptable to the Ordnance Review Board. 


3. The Ordnance Review Board became more 
critical as time went on. But oils qualified under 
the early scrutiny were permanent members of the 
2-104B club. Some were improved and requalified 
as the Board’s requirements grew more stringent— 
some were not. 

Although Specification 2-104B has been replaced 
by MIL 0-2104, oils meeting 2-104B are giving ex- 
cellent results commercially and outsell other 
heavy-duty types combined. 


Specification 14-0-13a Oils—The Navy set up a 
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specification of its own requiring the L-1 and L-4 
tests used with Army Specification 2-104B plus a 
500-hr test in a submarine diesel rather sensitive 
to ring sticking. Consequently, oils meeting this 
specification, commonly known as 9000 Series oils, 
have a somewhat higher performance level than 
those qualifying only under 2-104B. 

Only 18 oils have qualified under the Navy speci- 
fication, but this is not due solely to the qualification 
requirements. Cost and time required are high. 
Sometimes it takes two years to qualify an oil under 
14-0-13a. 


Supplement 2 Oils—Several years ago, diesel op- 
erators complained of ring sticking and high cylin- 
der and ring wear, despite use of 2-104B oils. The 
troubles were attributed to sulfur in the fuel. 

To prevent them, Caterpillar established new re- 
quirements for oils seeking Caterpillar approval. 
Essentially, the requirements were that an oil must 
first give a clean piston and low wear rate in a 480-hr 
test in their supercharged single-cylinder test en- 
gine using fuel of 1% sulfur minimum. Successful 
oils then must perform satisfactorily in a multi- 
cylinder supercharged engine test, and finally in a 
field test. Caterpillar calls oils satisfying these re- 
quirements Superior Lubricants (Series 2). 

To accommodate industry and aid development of 
improved lubricants, the office of the Chief of Ord- 
nance undertook qualification of these higher- 
quality oils. Actually, the Army required only the 
Chevrolet L-4 test and the Caterpillar 480-hr super- 
charged single-cylinder diesel test using fuel with 
1%-minimum sulfur content. They did not require 
the multi-cylinder supercharged diesel and field 
tests stipulated by Caterpillar. 

Ordnance released names of qualified brands on a 
list supplementing the list of qualified 2-104B oils. 
The list was “Supplemental List 2,” and the oils on it 
became known as Supplement 2 oils. 

Practically speaking, Supplement 2 and Superior 
Lubricants (Series 2) possess the same performance 
properties. Caterpillar accepts Supplement 2 oils 
as satisfactory for its engines. They are recom- 
mended for all naturally aspirated models using 
fuel of 0.5% suifur or greater and for supercharged 
engines with any fuel. 


Supplement 1 Oils—Some oil suppliers wanted to 
raise the performance level of their 2-104B-type oils. 
Yet they felt that lubricants of the high additive 
content and consequent high cost of Supplement 
2-type oils were unnecessary for many applications. 

Out of this need grew an intermediate type tested 
for qualification in the nonsupercharged Caterpillar 
test engine with a fuel having a minimum sulfur 
content of 1%. 

Ordnance also qualified this type and released the 
brand names on “Supplemental List 1.” These are 
the Supplement 1 oils. Like Specification 2-104B 
and Supplemental List 2, Supplemental List 1 has 
been superceded by MIL-0-2104. 


MIL-0-2104 Oils—On August 4, 1950, military 
specification MIL-0-2104 took effect. Its require- 
ments are higher than for 2-104B but less demand- 
ing than Supplements 1 and 2. 
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To qualify under MIL-0-2104, an oil must perform 
satisfactorily in a 480-hr test in the nonsuper- 
charged Caterpillar test engine on a fuel of 0.35% 
minimum sulfur content. 

The new MIL specification will save taxpayers’ 
dollars and conserve additive materials because it 
permits lower additive levels than either of the 
Supplements. Most Army ground-force equipment 
is gasoline powered, anyway, and does not require 
the higher additive level. 


Current Army policy concerning oil qualifications 
and publication of qualification lists is this: 


1. Lists of qualified oils with qualification num- 
bers are no longer released for publication, as form- 
erly. 


2. Manufacturers and others having a legitimate 
need for a list of oils qualified under MIL-0-2104 
may obtain it. 


3. Manufacturers may not publish the list as an 
Ordnance list or with qualification numbers shown. 


4. If a manufacturer so desires, he may publish 
a list of oils which he believes satisfy MIL-0-2104. 


Only experience can answer the question of which 
one of the five categories is best for operation that 
does require some kind of heavy-duty oil. Some oil 
companies have advocated Supplement 2-type oils 
for all diesels using high-sulfur fuels and Supple- 
ment 1 oils for very heavy-duty service of gasoline 
engines and for diesels using low-sulfur fuels. 

Some lubrication experts also recommend these 
oils for stop-and-go service, where cold sludge, ring 
clogging, and rapid wear are a problem. Here the 
theory is that the strong dispersive action of the 
high-additive-content oils prevents sludge forma- 
tion and the additive neutralizes the acid products 
of combustion that promote wear. However, it re- 
mains to be shown how a large concentration of 
additive, which itself is a powerful emulsifying 
agent, can act to prevent emulsification of oil with 
water, soot, and other foreign materials resulting 
from cold operation. 

In choosing a heavy-duty oil, operators should re- 
member that not all diesel engines appear to be 
equally sensitive to fuel differences, including sulfur 
content. Some may not require high-additive-con- 
tent oils. Combustion characteristics and design 
factors make the difference. Besides, the large ash 
residue from combustion of the additives con- 
tributes to deposit formation in some engines. The 
deposits can cause serious wear as well as shorten 
valve and spark plug life. 


How To Make the Most of Octane Numbers 
Continued from Page 28 


give more power and better economy with current 
regular grades. 

Of course, no engine should be brought right up to 
the limit of gasoline quality. Allowance should be 
made for normal day-to-day fluctuations in engines’ 
antiknock requirements. Deposits accumulated in 
5000 miles may elevate octane requirement 5-10 
numbers after the initial adjustment. Each 1000-ft 
increase in altitude decreases requirement by 1-3 
numbers. Normal barometric pressure swings over 
the year correspond to 1-3 octane numbers. Drop in 
humidity from 90 to 20% at 70 F amounts to 4 
octane numbers. The change from winter to sum- 
mer temperatures is often estimated at 2 octane 
numbers. 


Bearing in mind the allowance for these variables, 
it may be worth while to consider several measures 
to gain power and economy in low-requirement en- 
gines. The measures are: 


1. Advance spark timing. Bring the timing up to 
standard first. Then try advancing it several de- 
grees beyond standard, but not beyond optimum 
performance. Be sure that the manifold vacuum 
control functions properly for the full speed and 
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power range. Correct basic timing alone is not 
enough. 


2. Return overly rich carburetor settings to normal. 


3. Set cooling-system thermostats for slightly 
higher coolant temperatures. This reduces friction. 


Point 2 obviously will cut fuel consumption, and 
Point 3 will improve power as well as economy. 

The authors suggest the possibility that com- 
mercial engines could be designed and built at the 
factory in anticipation of one major compression 
ratio modification during the engine’s average ten- 
year life. They suggest that the low requirement 
engines, as well as others, might be modified, using 
conversion kits engineered and manufactured by 
the engine builder so as to take advantage of im- 
proved gasolines as they become available during 
the life of the engine. Whether or not compression 
ratio adjustments should be made without this care- 
ful preparation is somewhat controversial. In any 
case, steps of this kind should be taken only with 
assurance from the engine manufacturer that his 
equipment will withstand the higher stresses in- 
volved. 
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Fig. 1—‘‘A”’ inspection form 
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THE WILLETT COMPANY 
CuHIcaGo 7 


INSPECTION AND SERVICE REPORT POR TRUCKS, TRACTORS, BUSES, 
PASSENGER CARS AND GASOLINE CR DIESEL POWERED TRANSPORTS , 


i 


Test brake pedal travel - Free revel should not be mare than 2/3, 
*adjust brakes if necessary, 

Fill Master Cylinder, If fluid is lower than 4 mull, report to foreman, 
Test clutch pedal play and adjust if necessary, 

Test horns, electric and air, “Adjust if necessary, 

Test windshield wipers, Replace blades as necessary, 

Inspect rear view mirrors - tighten arms, 

Check all gauges for proper operation, 

Inspect headlights, running lights, stop lights and fog lights, Replace 
bulbs or *sealbeams as Y. “Make y repairs, *Eliminate 
shorts (use cahaeens 

Inspect for accident damage and any loose, broken or defective parts, 





. WBRICATION - (ACCORDING TO WBRICATION CHART) 


lubricate unit thoroughly, Free up frozen shackles and replace broken 
fittings. 


. Fill trangmission to level, Fill differential to 3" below filler plug, 


(If more than 1 lb, of lubricant is required report to foreman) 

Send OTL SAMPLES to Lab, when so indicated, “Drain or flush per lab, 
report, If oil is drained be sure to refill crank case and check oil 
stick, 

*Change oil filter ONLY when laboratory report calls for Oi) Drain and 


O11 all door and gate hinges and locks, 


Visually inspect battery, 
a. Check water level, Fill to 3/8" over plates with DISTILLED 


b, 3 for dirty or acid condition, Clean with soda and brush 
if necessary, Grease termina 
c, Check battery and cables with Voltmeter, (Battery to ground 
and battery to starter) 
Attach Tach Dwell Indicator, 
a. Check for point resistance, 
b, Start engine - check dwell (Correct if necessary) 


"Test and make major adjustment to carburetor if necessary, 
dad, Check governor and set if necessary, 

Time engine with necn timing lights, 
Check fuel filter and fuel pump screens and bowl, “Clean if necessary, 
Tighten radiator hose connections and check hoses for collapsed or 
rottem condition, 
Fill radiator and check cooling system for leaks and overheating. 
NOTE quantity of mter added, TEST AND ADD ANTI-FREBZE IN WINTER, 
Inspect fan assembly and fan belts, Adjust fan belts to §" play with 
ruler, “Renew belts when necessary. 
Inspect motor for oil leaks NOTING valve covers, crank case gaskets, 
timing case seal, fuel pump block gaskets, rear main bearing seal, oil 
filter cap, oil filter block and cap gaskets and flexable oil lines, 
Lubricate generator, starter, carburetor linkage, governor shaft, and 
distributor shaft, (USE PROPER WBRICANT - DO NOT USE TOO MUCH) 
Tighten or replace all loose belts, screws, and nuts, 
Inspect and check operation of Block Heater, “Make necessary repairs, 


Inspect all springs for broken or shifted leaves, 

Check tie-rod, 4 link, drag link @rings and steering assembly for 
play, (Shake test 

Check drive line, universal joints and pinions for play, (Shake test) 
Visually check front wheel alignment, being careful to note front tire 
wear and mounting, “Adjust toe if necessary, Report bad alignment 
condition, 

Tighten or replace all loose or missing bolts, screws and nuts, 


Tighten axle flange nuts with torque wrench _ specifications), 
Inflate tires and fill out report, TIRES MUST BE COLD, 

Replace valve cares as necessary, Install missing valve caps, 
Tighten all lugs and note broken studs or loose rims, 


Inspect and adjust drag chains, *Replace if necessary, 

Refill COz and Pyrene Fire Extinguishers, 

Check flags and flares, “Replace as necessary (require 3 of each), 
Inspect first aid kits, “Replace missing items, 


Check oil level in condensing unit, 


Check complete electrical circuit, 

Inspect fan assembly and fan belts, Adjust for belts to $* play with 
ruler, “Renew belts when necessary, 

Check and tighten loose motor and compressarmounts, 

Check compressor compartment for looseness and wear, 

Check fuel bowl om gas operated engines, “Clean if necessary, 


- ADDITIONAL FOR GASOLINE OR DIESEL PONERED TRANSPORTS 


Blow ou Replace compressor if excessive oil is found, 
Inspect safety valves and shut-off valves for leaks, “Repair or 
pee came. 


eanaah tate injectors with Methonol in winter, 
Disconnect Weber Hitch to inspect and pack with wheel bearing grease, 
Check and *adjust tappet clearance on all overhead valves, 
Adjust alack adjustors on all air brakes, 


NOTE: *({1) All items marked with an asterisk (*) means that parts mst be 


replaced or repaired when necessary, Use time schedile 
or Willett Company Supplements for proper time allowmnces, 
(2) Report all unusual conditions to your foreman, 


c, Adjust carburetor idle speed, Tighten all loose screws and nutes, 


overs for operation ani leaks, “Replace gaskets as necessary, 
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BASED ON PAPER BY 


A. Walter Neumann, 


Director of Maintenance, The Willett C 





* Paper “Maintenance Savings Accomplished Through an bk 
Plan of Precision Testing and Adjustment to Manufacturers’ 

5 J Ss 
was presented at SAE Annual Meeting, Detroit, Jan. 8, 19 4 
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Y revising its preventive maintenance system, the 
Willett Co. has saved over $30,000 in one year. 

The new preventive maintenance program calls 
for two inspections, an “A” inspection performed at 
1000-1500-mile or five-week intervals and a “B” in- 
spection performed at 6000-mile or six-month in- 
tervals. Figs. 1 and 2 show the inspection lists. 

Inspected vehicles are spot checked to insure that 
the mechanic follows instructions and incidentally 
to determine maintenance intervals for future re- 
visions of the system. Fig. 3 shows the Spot Check 
Report. 

All three forms are altered as experience uncovers 
better procedures or clearer wordings for instruc- 
tions. So the forms are reproduced from type- 
writing. 

The “A” inspection takes about 1.5 man-hours and 
the “B” inspection takes about 4.5 man-hours. 
Respectively, they correspond roughly to the “B” 
and “C” inspections of the SAE Recommended Prac- 
tice on Preventive Maintenance and Inspection 
Procedure contained in SAE Handbook. 

A light truck fitted out as a mobile inspection and 
maintenance shop brings the “A” inspection to the 
200 Willett vehicles in outlying garages. The truck 
contains an air compressor, electric power tools, one 
100-lb drum of chassis grease and another of gear 
lubricant, parts bins, a bench with a vice, and an air 
line for inflating tires. 

Incentive for developing this new two-inspection 
system was the marked increase in man-hours spent 
on preventive maintenance. Willett began its PM 
program back in 1934 with a monthly or 1500-mile 
inspection that then took 1 or 14% man-hours. By 
1949, the combination of greater complication and 
less accessibility in vehicles brought the figure up to 
5 man-hours per inspection. 

Postwar reconsideration of the initial PM program 
showed two defects: 


1. Some items didn’t need attention as often as 
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Streamlines 
Preventive Maintenance 





Inspection and Service Report for Trucks, Tractors, Buses and Gasoline Powered 


Transports - "5" 


Vehicle No, 
Date 


ot 
. 
i 





. Test clutch pedal play and adjust if necessary, 
Test horns - electric andair, “Adjust if necessary, 
Test windshield wipers, Replace blades as necessary, 
Inspect rear view mirrors - tighten arms, 
Check all gauges for proper operation, Use screen to adjust headlights, 
Inspect headlights, running lights, stop lights, fog lights, Replace 
bulbs ar *sealbeams as necessary, “Make necessary repairs, "Eliminate 
shorts, (Use voltmeter) 
. Inspect cab heaters and all bus heaters, Tighten all hose connections 
and inspect all hoses for collapsed or rotten conditia, 
8, Inspect cab seat cushions and bus passenger seats and aisle seats, 
9.. Inspect bus luggage racks for any loose, broken or defective parts, 
o, 
i. 


LUT 
* 


4 |, 


Inspect for accident damage, 
Check condition of paint and lettering in spaces provided, 


_9K Needs Touch Up _ Needs clear coat _ Needs paint 
Il, WBRICATION - (ACCORDING TO WWBRICATION CHART) 


1. Imbricant unit thoroughly, Free up frozen shackles and replace broken 
fittings, 

2. Fill transmission to level, Fill differential to 4" below filler plug, 
(If more than 1 lb, of lubricant is required report to foreman) 

3. Send oil samples to Lab,, drain or flush per Lab, Report, If oil is 
drained be sure to refill crank case and check oil stick, 

4, Change oil filter, 

. O41 hydrowacs, (Do not oil Rubber Diaphram Type) 
O41 all door and gate hinges and los, 


mi. MTR 


1. Perform all tests and make necessary corrections in accordance with 
except item 16 to 21 
ive, 
2. NOTES: 1, Fuel pump - test FLOW of fuel pump instead of pressure, 
(Should be 1 pint to 45 sec.) 
2. If Cylinder Balance Test is OK, omit Compression Test, 
*additional for compression test, 
3, “Perform item 17 only if it is necessary to remove distributor, 
o. Inspect battery for dirty or acid condition, Clean with sod 
and brush, (Grease terminals) 
b, Clean fuel filter and fuel pump screens and bowl, 
c, Tighten dow intake manifold and carburetor, 
da, Remove and clean oil breather cap and AIR CLEANER on engine and 
air compressor, 
e, Clean and refill oil bath to proper level with engine oil, 
« Check governor and set if necessary, 
____2. Check valve tappet clearance on overhead valves aly, (See chart or 
Mf, Specs,) “Adjust if necessary, 
3. Tighten radiator hose connections and check hoses for collapsed or 
rotten condition, 
4, Fill radiator and check cooling system for leaks and overheating, 
NOTE quantity of water added, TEST AND ADD ANTI-FRESZE IN WINTER, 
5. Inspect fan assembly and fan belts, Adjust fan belts to $" play with 
6 





ruler, “Renew belts when necessary, 

. Inspect motor for oil leaks NOTING valve covers, crank case gaskets, 
fuel pump block gaskets, rear main bearing seal, oil filter cap, oil 
filter block and cap gaskets and flexable oil lines, 

—_....’. lubricate generator, starter, carburetor linkage, governo 
distributor shaft, (USE PROPER WWBRICANT - DO NOT USE 100 MUCH) 
8, Tighten cylinder head bolts and spark plugs with torque wrench according 
to prescribed specifications, 
—__9. Tighten or replace all loose bolts, screws ani nuts, 
___.10, Inspect and check operation of Block Heater, “Make necessary repairs, 


TV, CHASSIS 
—__}. Check fifth wheel on tractor noting jaws, rubbers, safety lock and 
operating mechanism, 

—_.2. Tighten hold-~down bolts ani stops on tractor fifth wheel, 

—_.+ Tighten cab body bolts and clamps, 

____. Check frame, spring hangers etc., for cracks, loose rivets or bolts, 
5. Tighten fuel tank brackets, “Replace felts if necessary, 
6, Tighten radiator hold-down bolts and stay rods, 

__../+ Inspect exhaust system for leaks, loose joints and mountings, 


Tighten or replace all loose bolts, screws and nuts, 





Inspection 
BUNMUING GEAR 
1. Jack up all wheels and check for play, Adjust front whee] bearings as 
necessary, “Adjust rear wheel bearings if necessary. 
— 2. Pill Master Cylinder, If fluid is lower than $ full, % to foreman, 
3. Check and adjust brakes as eseary, (Minor adjustment) Use fesler 


nec 
gauge at both cam end and anchor pin end (see charts). Tighten loose 


4. Cheek for play in kingpins, “Replace as 
5. Check tie-rod, drag link, drag link springs, and steering asseably for 
play, (shake test), “Replace broken drag 
—_5. Check drive lines, universal joints and pinions for play (shake test), 
7, Inspect all springs for broke ao shifted . 
— 5. Tighten all spring clips and U" bolts (check center bolts), 
9. Check TOR and adjust if necessary, Visually inspect front wheel 


ion, 
vi, TMs 
). Tighten axle flange mts with torque wrench (see chart), 
- Inflate tires and fill out report, TIRES MUST BE COLD, 
» Replace valve cores as necessary, Install missing valve cape, 
4, Tighten all lugs and note broken studs or loose rims, 
———5+ Measure tires with taps, If mismated, report om tire ticket, 
6, Check tires for cute or bruises and make report, 
VIL, SAPBIY BoUIPMert 
—../. Inspect and adjust drag chains, “Replace if necessary, 
—— 2. Refill O02 and Pyrene Fire Extinguishers, 
—— 3. Check flags and flares, “Replace as necessary (require 3 of each), 
— +» ‘Inspect first aid kits, “Replace missing item, 
VDI. BOAD TEST 
1. Road test completed mit - one mile. 
2. Make all necessary adjustments, 


u 


1, Check of) level in condens 
2. Check sight glass for quantity of refrigerant, 
3+ Inbricate entire refrigeration unit thoroughly 
4, Fill gas engine crank case, “Change and flush when called for an 
truck engine, NOTE: Do not remove compressor crank case plug. This 
unit is sealed, 
5. Check complete electrical circuit, 
6, ‘Inspect for assembly and fan belts, Adjust fan belts to $* play with 
ruler _. “Renew belts shen necessary, 
7. Blow out radiator fins with air, 
———_&. Check and tighten loose motor and compressor mounts, 
9. Check sor compartment for looseness and wear, 
10, Clean fuel bowl on gas operated os, 
Li, Clean and set spark plug gap om gas operated mgines, 


| 


[ 


. ack up semi and four wheeler to grease and inspect fifth wheel, 
roller circle and kingpins, 

« Disconnect Weber Hitch to inspect and pack with wheel bearing grease, 

~ Check pintle pin, “Replace if wrn, Secure safety chains or other 
apparatus so that pintle pin can under no circumstances touch the 
ground in case of break-amy, 


— 2. Check all air brake tubing, hoses, trailer connections and diaphrams 
uds, “Repair if necessary, 
out air tanks, “Replace campressor if excessive oil is found, 


Repair or replace as necessary, Check inside of 
tanks, and remove foreign matter. 
+ Check dome covers for operation and leaks, “Replace 
gaskets as necessary, 

Install caps and chains on pipe outlets making sure that 
sealing lugs are attached, 


Blow 
1. Inspect safety valves and shut-off valves for leaks, 
— 


MOTE: *(1) All items marked with an asterisk (*) means that parts 


must be replaced or 


when necessary, Use time 


schedule mammals or Willett 
re : Company Supplements for proper 
(2) Report all unusual conditions to your foreman, 

Fig. 2—‘‘B” inspection form 
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WILLETT COMPANT 
CHICA@ 7 
Date 
SPOT CHECK BEPORT 
Tos Departm ent, 
(Foreman in charge) 
The spot check of vehicle No, on Shop Order No, shows that the following 


work was not properly performed, 


Please have the mechanics in question make the necessary carrections, 
Points have not been awarded for the wrk in question, 


Report to Larry Kane, Superintendent of Maintenance, after the work has been 
preperly performed, 


= 


To: Superintendent of Maintenance 


Spot Check showed 
vehicle to be o,k, 
‘Howard L, Willett, Jr, 
Executive Vice President i 





The corrections are understood and all wrk has been properly performed, 


Mechanic 


Date report rec'd 9 


Mechan ic 








Date work completed oY 





Signature of Fareman in Charge 


Fig. 3—Spot Check Report 





FLEET DIAGNOSIS REPORT 
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For use with 


Sun Universal Diagnosis Tester 































































































| oe fore ox ofan 
a 
1. Batlery Visual Inspection it | 13. Compression Test See es J 
: Sa aa Bins } 
at Me 2 5 — 8_ 
Battery Capacity __ —+-4 Valve Condition ee hind 
2 Cranking Voltage __ Piston & Ring Condition _ = 
Battery Cables. Starter Switch _ Cyl. Head Torque = del 
3._ Starting Motor Amperage Draw _ 14. Coil Capacity & Primary Circuit___| | | 
4. Generator Visual Inspects | Coil Secondary Resistance |_| | 
Generator Output Rasundion 15, Condenser — Resistance a oa ae 
G Circuit R } Capacity _ = re hice 
Generator Relay . + Insulation _ sadn —e 
oo. yere | 
Current Regulator cima 16._ Distributor or Magneto } | 
canes ry] Visual Inspection 
Voltage Regulator —_+—}+ Distrib Cap ___ | 
Voie | 
&. Engine RPM. — -,.........1. 
Seana Sent Saal 17. Distributor or Magneto Tests (removed) | 
& Spark Timing Contact Point Resistance ___| i 
7. Vacuum Reading - t Spring Tension __ = 
8. Milliampere a aS | Point Dwell — Cam_ }_} 
at Spark Plugs 5 6 7 8 | Pe Ny 
| atte RA 
oun | |) Sed 
, A slung Distrib uwter recheck Dwell 6 Timing 1 | 
18. Radiator — Water Pumps — Hose_|_ | 
Test Manifold Heat Control Valve 19. Exboust System 
idle Speed Circuit +--+) 9. Other Electrical Circuits ry 
Intermediate Speeds | | Lights mm 
High Speed Circuit. | _} | San 
Accelerating Pump. || A r @ 
Air Cleaner _ 21, Tests 
Intake Manis ~ +—| Windshield Wipers. 
Choke +} Steering = 
11, Fuel Pump Pressure | cal Tires 
Vacuum . |) ease 
12. Spark Plugs ——__—______1_] 22__Speedometer 














Fig. 4—Fleet Diagnosis Report 
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they were getting it. 
sary to tighten body bolts; hold-down bolts for ca 


For example, it wasn’t nece 


fenders, windshield, and radiator; and stay-ro. 
each month. Nor was it essential to adjust ti 
wheel bearings; remove, clean, and adjust spar 
plugs; tighten cylinder head bolts; and take com 
pression readings after this short interval. Suc 
unnecessary work increased costs and encourage 
mechanics to be careless. 

2. There was no accurate method of checking car 
buretor and ignition-system adjustment. For ex 
ample, if a hydrometer registered the normal read 
ing, mechanics assumed that the generator, batter) 
and entire primary electrical system were all right 
But sometimes the battery would not start the en- 
gine the next morning because of faulty connections. 

To correct the state of overmaintenance, Willett 
set out to determine (1) what items needed inspec- 
tion, (2) the nature of the service required, and (3) 
the optimum time interval between servicings. 
Qualified inspectors, using the original inspection 
list, spot checked vehicles for six months to find 
these facts for chassis, tires, safety equipment, con- 
trols, and other items. 

About the time Willett decided to revise the PM 
system, representatives of the Sun Electric Corp. 
called to discuss their newly developed engine-test 
equipment. As a result, Sun experts cooperated in 
establishing standards and allowable tolerances as 
well as inspection intervals for items that could be 
tested with their equipment. And the equipment 
is used in both the “A” and “B” inspections. Items 
1-17 of the Sun Electric Fleet Diagnosis Report (Fig. 
4) are part of the “B” inspection. 

To fit the new PM system into Willett’s already 
established incentive plan, new time standards for 
each type of vehicle were determined for the “A” 
inspection and the “B” inspection. Allowances for 
the “A” inspection are 1.4 man-hours for conven- 
tional trucks and tractors, 1.6 for COE trucks and 
tractors, 1.5 for conventional buses, 1.6 for COE 
buses, 1.1 for panel trucks, 1.2 for Metro trucks, 0.8 
for passenger cars, 0.5 for single-axle trailers, and 
0.8 for tandem axle trailers. Allowances for the 
“B” inspection are 4.2 man-hours for conventional 
trucks and tractors, 4.5 for COE trucks and tractors, 
4.7 for conventional buses, 5.0 for COE buses, 3.2 for 
panel trucks and Metro trucks, 2.2 for passenger 
cars, 0.7 for single-axle trailers, and 1.2 for tandem- 
axle trailers. 

Records of comparable three-month periods un- 
der the old and the new PM programs show that the 
new one reduced parts used, road calls, and labor, 
even though mileage rose 15%. For example, main- 
tenance required 63 instead of 278 contact points, 
234 instead of 375 battery recharges, 98 instead of 
220 battery rebuilds, 251 instead of 435 oil filters, 3 
instead of 9 six-volt coils, and 10 instead of 16 six- 
volt regulators. Road calls fell off 13.8%. Pre- 
ventive maintenance labor decreased 34.1%, me- 
chanical and road-call labor 12.2%, and the 
tire-repair labor 8.3% —-making a reduction in total 
mechanical and maintenance labor of 16%. 

These reductions in parts and labor saved a total 
of $30,750 in .naintenance costs. 

(Paper on which this abridgment is based is avail- 
able in full in multilithographed form from SAE 
Special Publications Department. Price: 25¢ to 
members, 50¢ to nonmembers.) 
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Alloy Aluminum 
For Automobile Bodies 


BASED ON PAPER BY 
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C. J. Schmidt, cocsyear aircraft Corp 
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ECENT development work indicates that alloy 
R aluminum is a well-suited material for auto- 
mobile bodies. Forming and processing in quantity 
production seem to offer no serious difficulties. And 
noteworthy advantages of weight saving and cor- 
rosion resistance—reflected in terms of better ve- 
hicle performance, increased operating economy, 
longer life, lower maintenance cost, and easier 
handling of the finished product—more than com- 
pensate for higher material and processing costs. 

To fully explore design and construction problems, 
a joint research group—organized on a cooperative 
basis to make this study—engineered and built a 
complete automobile body. Sole purpose of the 
project was to determine what could be done with 
aluminum in body structures by taking advantaye 
of latest developments in modern alloys, new weld- 
ing equipment, and up-to-date fabrication methods 
and techniques. There was no thought of designing 
a new type of automobile. 

The study was handled strictly from a practical 
point of view. Each part was designed so that it 
would lend itself to efficient aluminum fabrication. 
Actual fabrication and assembly operations were 
performed with production-type tooling, under con- 
ditions as nearly representative as possible of large 
quantity production requirements. 

Selection of material was the initial problem. 
Two general types were considered. The first, re- 
ferred to as Class I, consists of alloys which acquire 
higher physical properties by cold-working. The 
second type, or Class II, acquires higher properties 
by heat-treating. Table 1 lists typical properties 
of certain alloys in each class. 
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The following summary was made of the ad- 
vantages and disadvantages of each alloy: 


4S Alloy—(Class 1) 

ADVANTAGES. Low price, fair properties in inter- 
mediate tempers, good resistance to corrosion, good 
workability, good weldability. 

DISADVANTAGES: Difficult to obtain uniform or 
high properties throughout a drawn piece. 


Alclad 24S Alloy—(Class II) 

ADVANTAGES: Ability to obtain high and uniform 
properties by heat-treating, good resistance to cor- 
rosion when properly quenched, best fatigue proper- 
ties, good spot-welding characteristics. 
DISADVANTAGES: Higher raw material cost, 
higher cost of heat-treatment, poor weldability by 
torch or arc methods. 


61S Alloy—(Class 11) 

ADVANTAGES: Ability to obtain high and uniform 
properties by heat-treating, good weldability, 
Slightly less cost than Alclad 24S for raw material, 
good resistance to corrosion. 

DISADVANTAGES: Necessity of aging operation in 
cases where the best attainable properties are re- 
quired in parts that must be produced in forming 
operations. 

On the basis of this study, the 4S alloy appeared 
to be the most suitable material. However, the 
question whether or not a body made from it would 
exhibit sufficient ruggedness for normal automobile 
operation remained to be answered. To make the 
investigation more complete, another body was built 
using Alclad 24S as the basic material. (Alclad 24S 


35 





LINSIVERPCITY OF AICHICAN ]}IRRAPRIES 











X& 


- 
‘Ss 
— 








EQUAL DEFLECTION 





=o 











7 7 
Yi 
o3s’stee. [/ 





049" ALUMINUM | 


Fig. 1—For equal deflection at one-half the weight, aluminum panel 
should be 41% thicker than steel 
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Fig. 2—Variety of jaw extensions used on the portable welding gun 


Table 1—Typical Properties of Certain Aluminum Alloys 
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Considered as Basic Materials for the 


Experimental Body 
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Class I 
4S-O 26,000 10,000 
4S-H32 31,000 22,000 
4S-H34 34,000 27,000 
Class II 
Alclad 24S-O 26,000 11,000 
Alclad 24S-T4 64,000 42,000 
61S-O 18,000 8,000 
61S-T4 35,000 21,000 
61S-T6 45,000 40,000 


Elongation, % in 2 in. 


20 
10 


19 
19 
22 
22 


Endurance Limit, psi 


14,000 
14,500 
15,000 


13,000 
18,000 

9,000 
13,500 
13,500 


gained the nod over 61S because the latter requir: 
aging in a furnace for an extended period of time 


Here strength was known. 
commercial cost was not. 
It was considered highly desirable for the alun 

inum body to have a “feel” equal to a customa: 

steel one—that the standard “thumb” test wou! 

give the same deflection. Since the modulus o! 
elasticity of aluminum is about one-third that o; 
steel and the moment of inertia of a flat sheet in 

creases as the cube of the thickness, equal stiffnes 

was obtained by making the aluminum panels about 
41% thicker than steel. Even with this arrange- 
ment, the aluminum was only half the weight of 
steel. (See Fig. 1.) 

This increase in gage may not materially improve 
the overall stiffness of the entire body. Resistance 
to local denting, however, varies as the square of the 
thickness. And Table 2 shows that 0.049 in. 24S-T4 
aluminum will have over twice the resistance to 
local denting as 0.035 in steel, using an optimistic 
35,000 psi as the yield strength of the latter. How- 
ever, with the exception of 24S-T4, the various 
aluminum alloys listed do not have as high a tensile 
strength or elongation as steel. Thus, actual tear- 
ing or rupture would be less likely to occur with 
steel. 

Welding also presented a number of problems. 
The aluminum body, which was the subject of this 
experiment, was very similar in structural design to 


. ability to produce at 


Table 2—Comparison of Resistance to Local Denting of 
Panels of Certain Materials and Gages 


Tensile Yield Ratio Resistance 


Material Strength, psi Cage, in. to Local Denting 
Steel 35,000 0.035 1.0 
4S-H32 27,000 0.049 1.5 
24S-T4 42,000 0.049 2.4 
61S-T4 21,000 0.049 2 
61S-T6 40,000 0.049 2.2 


* Based on thickness? yield strength. 


Table 3—Approximately Twice as Much Current is Needed 
to Weld Aluminum as Mild Steel 


Mild Steel 2S, 35, 52S, 61S 

£ 2 z E s 2 3 
“ ‘i 3 Ss “ pad | < 
4 v o ve 3 re) a > 
= 2 pe ® = | oe e 
= 2 £ 5 = a. £ 5 
= - b re) = S bm Oo 
021 300 6 6500 .020 350 6 16000 
.031 400 8 8000 032 470 8 18000 
.040 500 10 9500 .040 550 8 20000 
.050 650 12 °&# 10500 051 640 10 22000 
062 800 14 #12000 064 750 10 24000 
078 1100 17 + °&#14000 081 860 12 28000 
109 1600 23 #17500 128 1150 15 35000 
125 1800 26 #19000 


Note: Schedules are for 60 cycle welding machines and can- 
not be applied to equipment of other electrical design. 








SAE JOURNAL 








conventional steel bodies built by the automobile 
ndustry today. Therefore, to attain the most fav- 
orable assembly cost comparison, spotwelding was 
used wherever possible. 

Special equipment had to be designed to fit the 
dimensional requirements and limited accessibility 
features of the body structure in the following in- 
stances: 

1. Cowl to: 
(a) windshield panel 
(b) hinge pillar 
2. Deck panel to: 
(a) quarter panel 
(b) rear window panel 
3. Quarter panel to: 

(a) rear side sill 

(b) rear window panel 

(c) lock pillar 
Wheelhouse panel to side sills 
Roof panel to: 

(a) windshield panel 

(b) quarter window panel 

(c) rear window panel 

(d) door header 

6. Rocker panel to: 
(a) outer cowl 
(b) quarter panel 
(c) sill panel 
(d) floor panel 

Portable welders were used because of the size of 
parts to be welded. Again this followed present 
practice in the automobile industry. 

The four portable welding guns selected had a 
variety of adaptors or jaw extensions, which would 
fit the sections involved. Fig. 2 shows one of these 
guns, with various jaw extensions, and some of the 
sections to be welded. 

Alloys welded by the portable guns were 4S, 52S, 
and 61S. The lightest combination was a piece of 
0.040-4S-H32 to a piece of 0.051-4S-0. And the 
heaviest was 0.064-4S-H32 to 0.072-61S-T4. 

Power requirements for welding aluminum alloys 
are considerably greater than for mild steel. As 
shown in Table 3, approximately twice as much cur- 
rent is needed. These higher current requirements 
necessitated use of considerably larger welding 
equipment than would be required for mild steel. 

Another important welding problem was the great 
affinity of copper alloy welding tips for aluminum. 
Amount of this ‘tip pick-up” is governed by the 
cleanliness of the aluminum sheet, welding force 
used, and the current density at the beginning of 
the weld. 

However, it has been found that the extremely 
small area of the welding tip, which contacts the 
sheet before current starts to flow, results in an ex- 
tremely high current density at the beginning of the 
weld. And a device has been developed which per- 
mits starting a weld at lower current and, as the 
tip imbeds itself into the work—increasing the con- 
tact area, the current is automatically increased 
to the final value required to make the weld. This 
“Slope Control” device has resulted in many more 
spot welds before point cleaning is necessary. 

Equipment finally selected to do the job, at the 
least expense, was a single phase, 250 KVA portable 
welder, with a synchronous timer incorporating a 
phase shift heat control and slope control. Fig. 3 
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shows the welder and control. The welder was 
equipped with two air valves. One was for applying 
welding pressure to the gun, while the other was 
used to apply a light pressure for tip dressing. The 
booster had an 8 in. diameter air piston and a 1 in. 
diameter oil piston. 

Past experience in spotwelding aluminum alloys 
indicated some points to be considered in an as- 
sembly of this type. To obtain optimum results, the 
structure was designed so that the weld joints were 
in shear. And considerable care was given to pro- 
vide sufficient access and room for the rather bulky 
spotwelding equipment. 

While it is possible to spotweld upon the very edge 
of a steel sheet, to do so on aluminum would cause 
expulsion of metal and result in a weld of unsatis- 
factory strength. Flanges of adequate width were 
provided to overcome this problem. 

Areas inaccessible to the spotwelder were joined 
by riveting. Torch welding was not used because 
of the effect of heat, which tends to soften and re- 
duce the inherent strength of the aluminum alloy. 

Study of the structure of a typical steel body indi- 
cated that the same general pattern of construction 
would result in an efficient aluminum structure. 
The panels were so subdivided as to permit forming 
of parts, bearing in mind the economy resulting 
from keeping these subdivisions to a minimum. 
For example, the cowl, windshield roof, and back 
windows were made in four pieces, whereas in steel 
these would be formed in a unit. See Figs. 4 and 5. 
Where necessary to have an exterior panel joint, it 
was hidden by a molding or placed where it would 
not distract from the general appearance of the 
finished body. 

It was important that the aluminum body be 
comparable in rigidity and strength to one of steel. 
But strength data were not available for a similar 








Fig. 3—Welding and control equipment selected for the ticklish job of 
welding aluminum 
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Stages in Final Assembly of Experimental Aluminum Body 








Fig. 1—Top view of aluminum under-body assembly Fig. 2—Assembly accomplished on temporary wooden jigs, 
mounted on standard steel chassis using clamping devices for further support 





Fig. 3—Body assembly in progress Fig. 4—Portable welder in operation 








Fig. 5—Body is approximately one-half as heavy as com- 
parable steel one proved resistance to corrosion 
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teel body from which to calculate the sizes of the 
various framing members. In general, the cross- 
section of the aluminum body components was selec- 
ted to duplicate the rigidity and strength of a con- 
ventional steel body. For this reason, most of the 
box sections of the body were made somewhat larger 
than those of a comparable steel body. See Fig. 6. 

The choice of sheet gages was influenced by func- 
tion, sturdiness, and cost. Main floor, reinforcing 
channels, hold-down brackets, cowl and quarter 
lining panels were made of 0.064 in. thick sheet. 
Outer body, door, and trunk lid panels of 0.049 in. 
sheet were selected for reasons of sturdiness. The 
door framing, consisting of the hinge and lock pil- 
lars, was made of 0.072 in. thick sheet stock. Door 
headers were made of 0.064 in sheet. Trunk lid 
and other liner panels of 0.040 in. stock proved to 
be adequately rigid. 

This selection of sheet gages was somewhat on the 
conservative side in order to insure satisfactory per- 
formance of these first bodies. Further reduction in 
stock sizes may be feasible as the result of experi- 
ence. The completed units appeared to be quite 
sturdy and to have the equivalent stiffness and ri- 
gidity of a comparable steel body. Road testing is 
underway to fully evaluate serviceability of these 
bodies. 

Parts for the bodies were formed in drop hammer 
dies. Plaster casts, taken from the full scale 
mockup, served as patterns for the Kirksite die mold. 
After grinding and polishing the die, a lead punch 
was molded over it. Upon completion of fabrication 
of the required number of parts, the dies were re- 
melted and other dies made. 

For quantity production, experience has shown 
that aluminum body panels and parts can be readily 
manufactured in conventional iron or steel forming 
dies, similar to those used for steel panels. Die 
material—cast iron, alloy cast iron and carbon 
steels—should not be porous and should be polished 
so as not to scratch the material while forming. 

No serious difficulty was encountered during the 
forming of parts. Material was allowed to flow 
freely with blank holder pressure just enough to 
prevent wrinkles from starting. Forming of com- 
pound curves was successfully accomplished by the 
displacement of material rather than stretching 
or drawing. Suitable lubricants were employed to 
encourage free flow of the material. 

Detail parts were cleaned in preparation for spot- 
welding. The cleaning process consisted of de- 
greasing bath, acid etch, hot water rinse and air 
drying. (Acid etch prepared the surface for maxi- 
mum adhesion of the paint primers applied during 
a later operation.) 

Parts that had been cleaned were next placed 
into assembly fixtures. Assembly of the bodies was 
accomplished on temporary wooden jigs, using 
clamping devices for additional support. Assem- 
blies consisted of the usual units—the underbody, 
front end, back end and, finally, the complete body 
assembly. The various parts were joined with 
pedestal or portable welding machines. 

As a matter of convenience and expedience, stand- 
ard hardware items such as door hinges, locks, 


Continued on Page 46 
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Fig. 4—Cowl, windshield, and roof sections 
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Fig. 5—Roof, back window, and upper deck sections 
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Fig. 6—Aluminum box sections were made somewhat larger to duplicate 
rigidity and strength of conventional steel body 
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HE problems of starting and operating diesel en- 
gines of small and medium size at low tempera- 
tures (down to —-65 F) can be classified as follows: 


1. Cranking 


It is necessary that power be available to turn the 
engine over at a minimum speed of about one-tenth 
that reached during normal operation. This is an 
especially difficult problem since (a) at high dis- 
charge rates the energy available from standard 
lead-acid cranking batteries is greatly reduced at 
temperatures in the neighborhood of - 60 F, and (b) 
internal-combustion starting motors are very diffi- 
cult to turn over at such low temperatures. 


2. Ignition 


Ignition must take place satisfactorily in the 
cylinders with very low inlet air temperatures. 
Ignition is influenced not only by inlet air tempera- 
ture but by engine cranking speed, compression 
ratio, size and design of the individual cylinders, 
atomization and mixing of the fuel with air, use of 
fuel additives and starting aids such as diethyl 
ether, and characteristics of the fuel, such as its 
composition, cetane number, and volatility. 


3. Fuels 


The fuel must pour at temperatures encountered, 
must be satisfactory from the standpoint of cetane 
number, and must have a flash point sufficiently 
high not to be a fire hazard. Steps must also be 
taken to avoid clogging of the fuel lines and fuel 
filters with wax, which may precipitate below the 


40 








cloud point temperature or with ice crystals formed 
from water in the fuel. 


4. Lubrication 


A crankcase lubricant satisfactory for an engine 
required to make cold starts must have a viscosity 
at very low temperatures in the range of 10,000- 
40,000 SUS so that it can be pumped and the engine 
turned over without excessive expenditure of power 
or wear on the bearings. In addition, the lubricant 
must meet the usual high-temperature require- 
ments, such as a high enough viscosity at engine- 
operating temperatures (160 to 180 F optimum) to 
avoid excessive engine wear and oil loss in the cylin- 
ders, a sufficiently high flash and fire point not to 
be a fire hazard, and high oxidation stability. 


5. Coolants 


Since most diesel engines in this country are 
liquid-cooled, many of the same problems encoun- 
tered in lubrication are also faced in cooling. The 
coolant must act as an antifreeze at very low tem- 
peratures and must remain a liquid with a viscosity 
low enough to allow pumping at this low tempera- 
ture. In addition, it must possess a relatively low 
vapor pressure and high thermal stability at the 
higher operating temperatures. It must also be 
noncorrosive, present no undue fire hazard, and 
should have a high heat capacity. 


6. Engine design and materials of construction 


Materials used in the engine and its accessories 
must be carefully selected on the basis of their low- 
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ngines in Cold Weather 


temperature properties. Flexible hoses, gaskets, 
and insulation must not become brittle or develop 
cracks at low temperatures and yet must not flow 
or deteriorate rapidly at more normal temperatures. 

It can be seen that many of the low-temperature 
problems involve the selection or discovery of ma- 
terials and substances that are not only suitable for 
low-temperature use, but that have the proper 
characteristics at the normal operating tempera- 
tures of the engine. This second requirement adds 
to the complexity of the problem. 

Table 1 summarizes the low-temperature prob- 
lems encountered, the various remedies attempted, 
and the best solutions that have been achieved up 
to the present time. Various aspects of the low- 
temperature starting and operating problems of 
diesels will now be discussed in some detail. 


Cranking 


There are several sources of power that can, with 
proper modification, be used to crank diesel engines 
at subzero temperatures: 


Battery-powered starters 


It is possible to use an electric starting motor at 
low temperatures if special batteries are employed. 
The sintered-plate, nickel-cadmium battery being 
developed by the Nickel-Cadmium Battery Corp. is 
stll in the experimental stage but holds promise of 
being especially well adapted to low-temperature 
operation. It has long life, high efficiency at high 
discharge rates, and the ability to be charged and 
discharged at temperatures at least as low as - 40 F. 
The alkaline electrolyte is contained in an iron bat- 
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tery case, which adds to the durability and ease of 
heating. However, this battery occupies a good 
deal of space and costs from five to ten times as 
much as the ordinary lead-acid battery. Its pro- 
duction in wartime might also be limited because 
of the strategic nature of cadmium metal and its 
limited supply. 

Special lead-acid batteries also have promise of 
successful operation at low temperature. Delco- 
Remy has an experimental battery of this type 
which has a fairly good discharge rate down to 
-65 F. It cannot be charged in a reasonable time at 
this temperature, but it can be charged at tempera- 
tures between - 40 and 0 F. For lead-acid storage 
batteries to be used successfully as a source of 
cranking power below - 60 F, the battery will prob- 
ably have to be increased in volume by two to four 
times, and the starting motor will also have to be 
enlarged considerably. 


Hydraulic starters 


This type of starter depends for a source of power 
upon the expansion of high-pressure air contained 
inside a bladder. A liquid is first pumped into an 
accumulator tank surrounding the bladder, thus 
shrinking the bladder and compressing the air in- 
side. During discharge, the air expands from 3000 
psi to about 750 psi, forcing the liquid out of the 
accumulator tank and through the hydraulic start- 
ing motor. The hydraulic fluid upon discharge from 
the starting motor flows into a storage tank and is 
returned during recharge by either an engine- 
driven or a hand-operated pump. 

Hydraulic starters can deliver sufficient power to 
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start diesel engines at very low temperatures. Their 
two advantages over batteries are: (1) they can 
deliver their stored energy at high rates without 
appreciable loss in efficiency, and (2) they can store 
about the same amount of energy at low tempera- 
tures as at normal temperatures. If such minor dif- 
ficulties as cracking of the bladder and the increased 
viscosity of the hydraulic fluid at low temperatures 
can be overcome, the hydraulic starting system has 
considerable promise for use at low temperatures. 


Pneumatic starters 


These starters, developed by Ingersoll-Rand and 
others, employ air as a working fluid. The air is 
used to operate a starting motor or to turn the 
diesel engine over directly by introducing air into 
the cylinders through special valves. None of the 
present designs will deliver the required amounts 
of power for a sufficiently long time to ensure the 
starting of a medium-sized diesel engine, and the 
design of an efficient air-operated cranking motor 
that will work at low rpm on a variable air pres- 
sure has not yet been worked out. Thus, a pneu- 





matic cranking system for low-temperature u 
cannot at present be practicably employed. 


Fuel-burning starters 


Another possibility that has been investigated «s 
a source of power for starting diesel engines at 
low temperatures is the use of a fuel-burning 
starting motor. Small gasoline-burning cranking 
motors now in use have the advantages that they 
will deliver an almost unlimited amount of energy 
for cranking at their rated horsepower and that 
the heat from the coolant and exhaust gases of the 
starting motor can be used to warm up the diesel 
engine before it is cranked. 

However, these motors also have some disad- 
vantages. Present motors require the transporta- 
tion and storage of gasoline, an additional fuel 
which presents a considerably worse fire hazard 
than diesel fuel. Also the starting motor itself 
must be started, and it may be necessary to solve 
the problems of starting and operation for the 
small motor, although most of these small starting 
motors can be hand-cranked or started with bat- 
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Problems 


Remedies 


Best Solutions 


Table 1—Summary of Low-Temperature Problems and Remedies Employed 


Cranking 


1. Electric  star- 
ters drain bat- 
teries excessively 
2. Gasoline star- 
ters themselves 
are hard to start 
and require diff- 
erent fuel 


1. Use special 
battery 

2. Use hydraulic 
starter 

3. Use pneuma- 
tic starter 

4. Use special 
gasoline starter 
5. Use diesel- 
powered starter 
which can be 
cranked 

6. Use cartridge 
starter 


1. Use special 
lead-acid battery 
2. Use sintered- 
plate nickel-cad- 
mium battery 
down to -40 F 
3. Use gasoline 
starting motor 
that can be 
hand-cranked 

4. Use hydraulic 
Starters 


Ignition 


Fuels 


1. Most fuels 1. Most com- 


not ignitable 
at low temper- 
atures 


1. Burn fuel in 
air inlet to 
heat air 

2. Inject di- 
ethyl ether into 
air manifold 
3. Use gasoline 
and spark igni- 
tion initially 

4. Use special 
fuel-air mixer 
and spark 


1. Use diethyl 
ether 


mercial fuels 
are solid at 
-45 F 


1. Use pour- 
point depres- 
sants 

2. Use kero- 
sene fractions 
3. Dewax com- 


mercial diesel 
fuel 
1. Use pre- 


mium diesel 
fuels down to 
~40 F 

2. Use kero- 
sene stocks or 
dewax stocks 
to -65 F 


Lubrication 


1. Pour points 
of most lubri- 
cants are about 
OF 

2. Viscosity 
index of most 
oils is too low 


1. Use dewaxed 
or low-paraffin 
stocks 

2. Use pour- 
point depres- 
sants 

3. Use syn- 
thetic lubri- 
cants 

4. Use special 
unlubricated 
surfaces 


1. Use syn- 
thetic lubri- 
cants 


Coolants 


1. Water-base 
coolants do 
not have low 
enough freez- 
ing points 

2. The alco- 
hols are too 
volatile or 
lack necessary 
stability 


1. Use lubri- 
cant-type lig- 
uid as coolant 
2. Use ethyl- 
ene glycol- 
water or butyl 
alcohol-water 
mixtures 


1. Use one of 
synthetic lubri- 
cants as cool- 
ant 


Engine 
Design 


1. Fuel pump 
and oil pump 
are under- 
designed 

2. No way to 
heat fuel & 
lubricants 
readily 

3. Electrical 
insulation & 
rubber crack 
at low temper- s 
ature 


1. Use dry oil 
sump to heat 
lubricant 
quickly 

2. Use syn- a 
thetic rubber 
V-belts 

3. Use engine 
designed spe- 
cifically for 
low-temper- ° 
ature work : 
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1. Use engine 
designed spe- 
cifically for 
low-temper- 
ature work 
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-eries or Starting cartridges. 

A starting motor that burns diesel fuel would be 
. very desirable development. The problems of 
‘ranking and lubricating this engine could prob- 
.bly be overcome. The combustion problem in 
such a low-temperature starting motor might be 
solved by use of the so-called Texaco combustion 
process, in which the air rotates inside the cylinder 
and a relatively stable flame zone is established. 
Diesel-type fuel injection is combined with spark 
ignition in such a way that almost any hydrocarbon 
fuel can be used. Use of this cycle, combined with 
a high compression ratio, a high cranking speed, 
and perhaps ether injection into the manifold 
should make it possible to start such a small motor 
at temperatures below - 60 F. 


Cartridge-type starters 


The use of cartridge starters, in which the motor 
is turned over by explosion of gases held in a small 
cartridge, does not appear attractive for cranking 
larger diesel engines. The inertia of heavy engines 
is so great that a large charge would be necessary 
to achieve the required cranking speed in one 
stroke. Also, the force required to accomplish this 
high engine acceleration would overload and re- 
duce the life of the diesel-engine bearings. 

To summarize, it appears that the best presently 
available means of starting diesel engines at low 
temperatures are hydraulic starters, gasoline-burn- 
ing starting motors, and battery-powered starters 
employing special storage batteries. None of these 
methods is completely satisfactory, however, and it 
is to be hoped that further attention will be given 
to the development of a diesel-type cranking motor 
that could preferably be started by hand. 


Ignition 

At ambient temperatures of 40 F or above, air 
from the outside atmosphere can be adiabatically 
compressed in the diesel-engine cylinder to a suf- 
ficiently high temperature for ignition to occur if 
the diesel fuel used has a cetane number of 40. 
At somewhat lower temperatures, starting is still 
possible if higher cetane fuels are used, but at 
very low temperatures it is impossible to get suf- 
ficiently high cetane fuels. Hence other expedients 
have had to be adopted. 


Auxiliary heat addition 


One method involves the application of heat to 
the air inlet manifold by burning a limited amount 
of fuel (either gasoline or diesel fuel) in the air 
manifold. The fuel is injected into the manifold 
under moderate pressure to get good atomiization 
and is ignited with the aid of a torch or a spark 
plug. The hot combustion products, mixed with 
excess air, are then permitted to enter the cylinders. 


Injection of chemicals 


Another good method is to inject fluids that will 
ignite at low temperatures into the air intake mani- 
fold. Many substances of this type have been in- 
vestigated, and diethyl ether is the best so far dis- 
covered. Injection of ether is remarkably simple 
and has been widely adopted by commercial op- 
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erators in the North and Northwest. It has given 
successful starts in cold engines at ambient tem- 
peratures of -55 Fin a matter of seconds. The ether 
is now available in small, steel, pressurized capsules 
so that the fire hazard is practically eliminated. 

Spark ignition is often employed along with the 
injection of chemicals. International Harvester 
uses spark ignition, injection of gasoline into the 
air manifold, a lower compression ratio, and an 
otto cycle for starting its engines. It should also 
be possible to obtain good ignition by the injection 
of gasoline into the air manifold through an atom- 
izer attached to a pressurized capsule. The capsule 
method would make it possible to use a gasoline of 
a high Reid vapor pressure, or even pressurized 
gaseous fuels. The injection of such fuels into the 
air manifold has not yet been subjected to experi- 
ment. 


Special combustion methods 


Another approach to the problem of getting diesel 
engines started at low temperatures has been pro- 
posed by the Texas Co., which advocates the use of 
the already-mentioned Texaco combustion process. 
Its success depends upon creating a swirling mo- 
tion in the air under compression in the cylinder, 
followed by injection of the fuel tangentially to the 
cylinder wall past an electric ignition spark. A 
wide range of fuels, including both high-octane 
gasoline and diesel fuel, has been burned success- 
fully. The operating principle of the engine ap- 
pears attractive for use at low ambient tempera- 
tures, but no low-temperature tests have been made. 

Summarizing, the use of diethyl ether appears 
at present to be the best way to insure ignition in 
diesel engines at low temperatures. When em- 
ployed in pressurized capsules it is quite safe to 
use, and it involves no extra equipment such as 
spark plugs to aid ignition. 


Fuels 


The desirable qualities of a good diesel fuel for 
low-temperature use are a high cetane number 
and a low pour point. The following methods are 
available for lowering the pour point without sacri- 
ficing too much in the cetane number: 


Use of premium fuels 


One commercial petroleum diesel fuel, Standard 
of California stove oil, has a pour point below - 65 F. 
This fuel, however, is from a limited West Coast 
stock. Light kerosene fuels have pour points of 
—65 F or below. These are also premium fuels. As 
long as only a limited fuel supply is required for 
arctic operations, such kerosene fractions having a 
flash point of not less than 150 F can be employed. 
If a larger per cent of the crude oil must be utilized, 
it will probably be necessary to permit a more real- 
istic pour point of about - 40 F, or to take further 
steps such as dewaxing or the addition of pour- 
point depressants. 


Use of dewaxed fuels 


The pour point of fuels can be lowered by remov- 
ing some of the higher-boiling fractions through 
a solvent extraction process or a low-temperature 
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dewaxing operation. There is a sacrifice in cetane 
number in using these dewaxed diesel fuels, but 
the lowering of the cetane number is a condition 
which must now be faced, even in service at more 
normal temperatures, because of the oil industry’s 
tendency to substitute cracked stocks for straight- 
run paraffins. A slight lowering of the cetane num- 
ber will not materially affect engine efficiency or 
smoothness of operation. Shell Oil Co. has de- 
livered diesel fuels with pour points from - 80 F to 
below — 110 F for testing by Army Ordnance. These 
fuels were prepared by a pilot-plant dewaxing proc- 
ess that could be adapted to large-scale operations. 


Use of additives 


The use of additives to lower the pour point, al- 
though having some merit, does not generally lower 
the cloud point a proportionate amount. Since the 
presence of wax crystals below the cloud point 
tends to clog the filter and injection systems, it is 
desirable to use fuels at temperatures above their 
cloud points. Nevertheless, pour-point depressants 
may at times be more economical than further de- 
waxing or use of lighter fuels. 

It may be concluded that there is no one com- 
pletely satisfactory answer to the low-temperature 
fuel problem, but that, by a combination of proper 
selection of base stocks, use of dewaxing, and addi- 
tion of pour-point depressants, a suitable fuel can 
be prepared. It will however, be availble only at a 
higher cost and in more limited quantities than 
present common diesel fuels. 


Lubrication 


At temperatures down to -20 F petroleum lu- 
bricants now on the market can meet the require- 
ments. The problem becomes much more difficult 
at temperatures down to -65 F. Even with the use 
of viscosity index improvers and pour-point de- 
pressants, it is doubtful if lubricants from petro- 
leum can be made available in the required quan- 
tities. Low-temperature solvent dewaxing of pres- 
ent commercial lubricating oils should result in 
satisfactory pour points, although the yield of final 
product may be low. However, there are three 
other aproaches that can be used: 


Synthetic lubricants 


If it were not for the price and availability, the 
use of synthetic lubricants or blends of these with 
petroleum lubricants would offer the best solution 
to low-temperature lubrication problems, as these 
lubricants have outstanding properties. Even 
without the addition of additives, di-ester syn- 
thetics such as di (2-ethylhexyl) adipate (Plexol 
202), made by Rohm and Haas, and diisoamyl seba- 
cate are considerably better than petroleum lu- 
bricants. They have lower pour points (-80 F), 
higher viscosity indexes, lower decomposition rates, 
and leave the engine in better condition. 

Synthetic polyethers such as the Ucon oils made 
by Carbide and Carbon Chemicals Corp. have also 
been developed which parallel the diesters in prop- 
erties, with the exception that their pour point is 
in the neighborhood of - 40 F. However, both types 
of synthetic lubricants can be considerably im- 
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proved through the addition of pour-point depre: - 
sants, viscosity index improvers, antioxidants, ru 
inhibitors, and lubricity additives. Their greate.; 
drawback is their price ($2.50 to $4 per gal). 

Although the silicone oils have many desirable 
properties, they do not lubricate iron and steel sur- 
faces effectively and are thus unsuitable for most 
lubricant applications. 


Dilution 


Dilution has the disadvantages for use with diese! 
engines that it requires the carrying of another 
liquid, it presents a fire hazard, it is difficult to 
control, and it may have detrimental effects upon 
the properties of the lubricating oil. 

It seems that further development work on this 
method would be highly profitable. By using a 
nonflammable diluent, such as a fluorocarbon, and 
a small condenser to recover the vapors as they 
exhaust through the crankcase vent, it might be 
possible to work out a carefully controlled process 
that would be easy to employ. 


Dry sliding surfaces 


A novel approach to the problem of lubrication 
is to develop sliding surfaces that require no lu- 
brication. Engineering Research Associates, Inc., 
has found that two nickel oxide surfaces in sliding 
contact operate with an extremely low coefficient of 
friction and can function for long periods of time 
without appreciable wear. The data on the bear- 
ings are scanty, however, and no low-temperature 
tests have yet been run. 

Grease is used in diesel engines only to lubricate 
the fan housing and as packing for the water pump. 
There is not a serious grease problem at low tem- 
peratures, as satisfactory greases are available. 
The best ones are based on diesters for the liquid 
phase and lithium, sodium, calcium, or aluminum 
soaps for the solid phase. 

To summarize, the most feasible low-temperature 
lubricants at present appear to be the synthetic 
polyethers and diesters, although it is entirely pos- 
sible that further work on the dilution or the dry- 
surface method may show that one of these is su- 
perior to the use of the synthetic lubricants, par- 
ticularly from the cost and availability standpoints. 


Coolants 


For operation down to - 20 F, there is no serious 
coolant problem, and ethylene glycol-water mix- 
tures serve quite adequately. Butyl alcohol has 
been added to this mixture to lower the freezing 
point to -70 F, but it boils out rather easily. For 
low-temperature use, it seems reasonable that a 
liquid which is a good lubricant should also be 
usable as a coolant, provided that it does not attack 
the rubber hoses of the cooling system. At temper- 
atures below - 20 F, the diester oils already men- 
tioned as lubricants appear to be best from both 
the price and performance points of view. They 
have a wide liquid range and are sufficiently stable 
for use at normal engine operating temperatures. 
If such an oil is used as a coolant, it will be neces- 
sary to use hoses, gaskets, and sealing compounds 
that will not be acted upon by the oil. This, how- 
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er, should not present an insurmountable prob- 
m. 
If price were no object, the silicone oils would 
robably be the best substances for use as coolants. 
rhese materials have unusually flat viscosity ver- 
us temperature curves, pour points as low as -130 F, 
nd high flash points. They also have low vapor 
»ressures and good stability at the higher engine 
temperatures. However, these oils are priced at 
about $40 per gal. 

A few other substances, such as propylene and 
hexylene glycol, have been investigated but appear 
to be no better than ethylene glycol. Kerosene has 
been recommended as a good coolant, but it might 
present a serious fire hazard if the engine becomes 
overheated. 

The problem of coolants does not appear to be 
as serious as some of the other difficulties inherent 
in the low-temperature starting and operation of 
diesel engines, since the quantities to be used are 
not as great as those of lubricants and fuels, and 
the substances available have properties quite ade- 
quate for the service. 


Engine Design and Materials of Construction 


Up to the present time no manufacturer of diesel 
engines has designed a diesel engine from the 
ground up specifically for low-temperature opera- 
tion. The cost of such a development program 
would probably be prohibitive, and the most we 
can expect in the future is for the most critical 
components of the engine to be improved so that 
reliable operation down to below - 60 F is possible. 
A great deal of work under carefully controlled low- 
temperature conditions must be done to determine 
the effects of various design variables on the start- 
ing and operation of diesels. The effect of compres- 
sion ratio, combustion-chamber design, cranking 
speed, fuel/air ratio, fuel atomization, and ether 
injection in the manifold on starting should be 
carefully considered. 

The following specific engine components are 
well worth additional investigation: 


The fuel system 


Fuel pumps require improvement to make them 
capable of handling more viscous fuels at the lower 
temperatures. Consideration should be given to 
overhaul of the fuel injection system with the ob- 
jectives of: (a) improving fuel atomization at low 
cranking speeds and high fuel viscosities, (b) in- 
corporating a priming device that will allow in- 
jection of additional fuel during cranking, and (c) 
allowing variable timing of the fuel injection. 


The lubricating system 


The lubricating oil pumps should also be re- 
designed so that oils varying in viscosity over a wide 
range (up to about 40,000 SUS at the lower tempera- 
tures and down to 30 SUS at the higher tempera- 
tures) can be successfully handled. 

Another improvement that might be adapted to 
diesel-engine lubrication is the use of a dry oil 
sump, in which most of the oil is stored in a sep- 
arate tank instead of in the crankcase. This makes 
it possible to avoid preheating all of the oil at the 
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time of starting the engine, and it also permits 
the oil in the tank to be separately heated. The 
dilution of crankcase oil with a volatile solvent 
would also be easier if a dry oil sump were used. 
Finally, a method might be worked out whereby the 


oil could be circulated through a preheater before 
cranking. 


The cooling system 


Perhaps one of the most important changes that 
must be made to assure satisfactory operation at 
low temperatures is to redesign the cooling system 
on the principle that the coolant should not only 
be circulated to remove heat from the engine hot 
spots but must also deliver heat to regions where it 
is needed. This requires that coolant be circulated 
through the crankcase, around the battery, through 
the transmission, and to other points where heat 
might be required. Thermostats would be needed 
to give sufficient control so that overheating at 
these points does not occur. So that this heat can 
be used most effectively, insulation of many parts of 
the engine and its auxiliaries is also necessary. 


Miscellaneous considerations 


In designing an engine that is to be started and 
operated at very low temperatures, the effect of 
this low temperature on clearances must be taken 
into account, and consideration must be given to 
design changes required to reduce engine wear due 
to condensation of moisture and combustion prod- 
ucts. Designs must also be modified to accom- 
modate any auxiliary heating equipment, starting 
devices, and apparatus for the injection of starting 
fluids. 

Controls on the engine and auxiliary equipment 
should be modified to allow their manipulation by 
personnel wearing heavy gloves. Provisions should 
be made for adequate instrumentation for low- 
temperature starting and operation. 

Except for problems of fan belts, flexible hoses, 
and electrical insulation, no serious difficulties asso- 
ciated with diesel-engine materials of construction 
have arisen in arctic service. At present it appears 
that a new polymer of butadiene and styrene re- 
ferred to as “90:10” will be satisfactory for fan belts 
and flexible hose for use at very low temperatures, 
but further work is necessary to get a completely 


satisfactory electrical insulation and oil-resistant 
rubber. 


Use of Stand-By Heater 


If, when an engine is shut down during cold 
weather, enough heat could be supplied to com- 
pensate for heat losses to the surroundings, the tem- 
perature of the engine and its auxiliaries could be 
maintained at a high level and the engine could be 
started immediately, even after long periods of 
idleness. 

Although stand-by heaters do not appear as at- 
tractive as quick-start heaters for use on diesel 
equipment required to operate in the Arctic, it ap- 
pears that reliable stand-by heating systems will 
continue to have many important applications. 
Work on the improvement of these systems might 
well be continued with emphasis on increasing the 
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reliability, improving the temperature control at 
the critical points to be heated, and developing 
heaters that burn diesel fuel. 

A careful investigation is needed of the possibility 
of building into stand-by heaters a thermopile sys- 
tem for power generation. There is some indica- 
tion that such an installation, if properly designed, 
could generate enough power for the forced-draft 
fan motor. ; 


Rapid-Heat Addition Prior to Starting 


Perhaps the most desirable arrangement for 
warming the engine prior to starting would be to 
apply heat very rapidly by means of a quick-start 
coolant heating system so that, even from an initial 
temperature of —- 65 F, the engine could be warmed 
to starting temperature in a about five minutes. 

A quick-start heater of optimum design should: 
(1) be easy to start, (2) be reliable, (3) be compactly 
designed, (4) transfer a high percentage of heat 
liberated to the coolant, (5) utilize combustion 
gases to heat the air intake manifold and perhaps 
the oil pan, and (6) operate satisfactorily on diesel 
fuel. 

Aside from the heater itself, the major problems 
associated with design of such a system are those 
of heat transfer. It is necessary that heat from 
the coolant or the combustion gases be added at 
very high rates to such vital points as the battery, 
the crankcase, and the air-intake manifold. Rapid- 
heat addition to the battery should receive very 
careful attention. In order to obtain a sufficiently 
high rate of heat transfer it will very likely be 
necessary to employ an insulated battery case of 
special design through which hot coolant can be 
circulated. Thermostat controls with a coolant by- 





pass might also be a desirable feature to avoid ba:- 
tery overheating. Coolant coils installed in the 
crankcase will aid in allowing rapid-heat addition 
to the lubricating oils, and it will be necessary io 
heat the transmission of some engines in a similar 
manner. 

Circulation of the lubricating oil is a method of 
carrying heat to the bearings, to the pistons, and to 
other portions of the engine where the coolant 
itself does not circulate appears attractive as a 
method of decreasing the time required for warm- 
ing the engine. A separate coil for heating the lu- 
bricating oil could be mounted in the combustion 
chamber and a battery-driven oil pump would 
maintain circulation. 

From a practical viewpoint it appears most de- 
sirable, at least for the immediate future, that 
auxiliary heat be used to warm diesel engines at 
temperatures below about - 20 F, since below this 
temperature problems of cranking, ignition, and 
fuels become increasingly difficult to overcome. 
This temperature could perhaps be lowered some- 
what if necessary to, say -30 F, but from the point 
of view of the Navy - 20 F is a convenient choice, 
since it is also the lowest temperature at which 
diesel equipment in navigable ice areas must start 
and operate. 

Since quick-start heating systems offer the most 
attractive means of warming the engine and auxil- 
iaries, it appears that a high priority should be 
given to the development of such systems capable 
of warming engines from - 65 F to starting temper- 
ature (perhaps - 20 F) in about five minutes. 

(Paper on which this abridgment is based is avail- 
able in full in multilithographed form from SAE 
Special Publications Department. Price: 25¢ to 
members, 50¢ to nonmembers.) 








handles, and window regulators were used. 

The welded and assembled body was then ready 
for metal finishing. Joints and surfaces requiring 
attention were filled with one of the approved plastic 
body solders. Since these materials are rather 
quick drying, it was possible to file and sand the 
filler without delay, producing the desired smooth 
surface necessary for a fine finish. 

Primer coats of pyroxilin, zinc chromate, or other 
quick drying compositions were considered suitable. 
Two coats of primer were applied to the under-body. 
Finishing coats of enamel, synthetic enamel, or 
lacquer were used with satisfactory results. 

The completed coupe body contained 287 lb of 
aluminum. With the addition of such steel parts 
as hinges, window regulators, locks, and handles, 
the body-in-white weighed 312 lb. A similar all- 
steel body would weigh 600 lb. 

Complete car curb weight was 2,406 lb, which in- 
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cluded water, oil, full 15 gal gas tank, over-drive, 
spare tire and wheel, front and rear bumpers, and 
bumper guards. A conventional car with all-steel 
body would weigh 2,700 lb. Hence, a weight reduc- 
tion of 11% was obtained by using this all-aluminum 
body. By extending the adoption of aluminum to 
the various chassis components, wherever practical, 
it is estimated that an additional 200 lb could be 
saved. 

The lighter body lowered the center of gravity of 
the completed vehicle quite noticeably, resulting in 
reduced side-sway and better roadability. Improved 
corrosive-resistant properties of the aluminum 
body under the attack of the elements further il- 
lustrates the superiority of this material. 

(Paper on which this abridgment is based is avail- 
able in full in multilithographed form from SAE 
Special Publications Department. Price 25¢ to mem- 
bers, 50¢ to nonmembers.) 
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INCE the size and complexity of the Constitution 
§ were unusual, and since the expense and risk of 
flight testing such a large airplane with relatively 
unproved components were not reasonable a com- 
plete system of development program was instituted 
to ensure before flight that the major airplane oper- 
ating units would function satisfactorily. This type 
of preflight system checkout had been pioneered in 
the development of the Lockheed Constellation and 
its value more than affirmed. 

The complete hydraulic system was mocked-up 
for full-scale operation testing. This mockup in- 
cluded all of the hydraulic systems of the airplane 
and reproduced as completely as possible all details 
of the landing gears, wing flaps, brakes, and control 
boosters in such a manner that all parts were in- 
stalled in their correct operating positions with re- 
spect to the airplane. 

In asimilar fashion, the complete electrical system 
designed for the airplane was mocked-up so that it 
could be controlled from an accurately reproduced 
flight engineer’s station. Both hydraulic and elec- 
trical mockups were so arranged as to permit the 
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producing of failures or faults in order to determine 
the exact procedures and effectiveness of handling 
such failures while in flight. Air loads were simu- 
lated in the flight control hydraulic mockup so that 
in addition to flight engineer’s and mechanic’s 
training, the pilots selected to fly the airplane could 
be checked out on the complete functioning of the 
flight control equipment. Figs. 1 and 2 show the 
hydraulic and electrical mockups. 


Electrical System 


A load analysis of all the requirements that could 
simultaneously be placed on the ship’s electrical 
system revealed an amazing power requirement; so 
much so, that the total electrical potential avail- 
able from the generating equipment on the air- 
plane is in excess of that required by 20 average 
homes at peak load. 

In an airplane the size of the Constitution, the 
length of wiring running throughout the ship is in 
excess of 25 miles. This factor alone pointed toward 
a high-voltage system as a means of keeping the 
weight within reason. Comparatively little experi- 
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HE development of the Lockheed Constitution 
Socen many new problems in design and 
construction because of its large size and original 
conception as a combination cargo- and passen- 
ger-carrying airplane. 


The authors show here how many of these 
problems were solved for the various systems of 
the airplane—the hydraulic, the electrical, and 
the like. 


In the complete paper the authors cover all 
phases of the development story, including de- 
sign, aerodynamic, and powerplant developments, 
basic structural design, production design, main- 
tenance provisions, and flight development. 


It is particularly to be noted, the authors point 
out, that the very size of the airplane permitted 
the designers to incorporate many unique ideas 
that measurably improved the serviceability of 
the airplane and reduced its operating costs. 











ence on high voltage in aircraft was available, to 
say nothing of the almost complete lack of aircraft- 
type motors, and so on, suitable for the high-voltage 
system. 

The Air Force had already committed itself to the 
use of a 208-v, 3-phase, 400-cycle a-c system on a 
large airplane, and it was felt to be advisable to 
follow along in the same pattern. The General 
Electric Co. was anxious to enter into the develop- 
ment of electrical systems in large aircraft, and a 
working agreement was drawn up between Lockheed 
and General Electric to carry on jointly the work 
necessary to develop a suitable system. 

The very heart of a successful a-c electrical sys- 
tem is, of course, a constant-speed device for driv- 
ing the alternators. In connection with the Air 
Force project, there were several manufacturers 
under contract developing such a unit. While there 
were many problems involved in the working details 
of a constant-speed drive, they all seemed to be 
readily capable of solution. All of the units under 
development were based upon the same general phil- 
osophy of a hydraulic pump and motor arrange- 
ment with either pump or motor flow being regu- 
lated so as to result in constant output speed 
throughout the entire engine speed range. 

With all of the factors apparently under control, 
the airplane electrical system design went forward. 
Very attractive weight savings were recorded when 
compared with any of the usual low-voltage systems 
formerly used. A basic 3-wire system was used as 
required by the 3-phase type of power, and all power 
equipment employing motors was considerably 
lightened by taking advantage of the higher speeds 
possible with the 400-cycle power. Before the de- 
velopment and testing work on the constant-speed 
drives had progressed very far, it became apparent 
that they were all in serious trouble and were not 
behaving as predicted. Again it seemed possible 
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that the problem could be solved but, to be co: - 
servative, we dug into the details of a possible r:- 
treat in the event that time did not permit a sati.- 
factory solution to the constant-speed problem. 
The constant-speed drive failed to materialize 
time for installation in the Constitution, and 
change-over to 110-v direct current as basic pow 


was made. It was indeed fortunate that the prob- 
lems concerned in converting from alternating to 
direct current had been studied and planned, since 
the conversion was made with comparatively little 
effect on the airplane system itself. The first air- 
plane was already completely wired when the 
decision was made, so it can be easily imagined that 
there would be considerable delay if the change 
were extensive. Basically, the solution was to 
use the three wires already installed for the a-c 
circuit as a common wire for the d-c system with 
the airplane structure asa ground. The alternators 
and motors, of course, had to be replaced, but the 
wiring itself, which formed the biggest installation 
problem, was largely unchanged. 


Control System 


In establishing the basic flight control system to 
be used in the Constitution, two factors were given 
equal importance: safety and pilot’s control forces. 
Following the successful experience already estab- 
lished on the Constellation and P-38, we again 
adopted the basic philosophy of using hydraulic 
boost. Because the control surfaces were large, and 
no aerodynamic balance was contemplated, it was 
immediately apparent that a pilot could not at any 
time apply sufficient force unaided to the surfaces 
to control the airplane properly. This is another 
way of saying that boost was mandatory for all 
flight conditions. Heretofore, as in the case of the 
Constellation, the pilot could “shift gears’ and 
manually bring the airplane to a successful landing 
with his boost system out. 

The problem, then, was to build complete safety 
into the Constitution system even though it was 
completely dependent upon supplementary power. 
A single hydraulic system was obviously not the 
answer and, perhaps, multiple circumstances could 
develop which might cause two systems to fail 
simultaneously, so three completely independent 
systems were selected. “Independent” is used in its 
strictest sense, in that the three systems are totally 
separated in all respects from the source of fluid to 
and including pumps, lines, valves, actuating cylin- 
ders, and the like. Furthermore, the location of 
pumps on the engines was such that any two of the 
three systems could be completely inoperative, leav- 
ing horizontal and either vertical or lateral control 
for the pilot at all times. As actually determined 
by flight testing, all four engines could be dead and 
sufficient power would be supplied by one wind-mill- 
ing propeller to provide suitable control for landing. 

It might seem at this point that all contingencies 
had been taken into account but, as an added safety 
feature, it was decided that the trim tabs on all 
three control surfaces should be electrically actu- 
ated. This feature too has been demonstrated in 
flight by turning off all of the hydraulic systems and 
flying the airplane on the electric trim tabs alone. 

An interesting sidelight on the pilot’s control of 
the electric tabs arose during the mockup review 
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nferences. The usual wheels or cranks that have 

used much controversy as to direction of motion 

. pilots’ compartments had led to rather stringent 

les within the Government agencies such as the 

AA, Navy, and Air Force. Since these rules were 

il based on cable-operated systems, they were quite 
orthless when an electrically operated system was 
onsidered. As the result of numerous studies, a 
ery simple syStem was devised, which closely re- 
embles a miniature control stick. Since four 
switches could be operated from a single lever to 
‘ive the normal reactions of lateral and verticai 
ontrol normally associated with a control stick, 
here was no problem as to how the stick should 
nove to produce the required trim on the airplane. 
Fig. 3 shows this tab control as installed on the 
eentral control pedestal located between the two 
pilots. 

One extremely important point in connection 
with the success of a hydraulic booster system is the 
measured value of the control system friction. The 
Lockheed boost system retains, as a basic part of 
the design philosophy, the normal pilot ‘feel’. This 
is a true value arising out of the arrangement of 
linkages in the boost system which translates pilot 
forces into applied forces at the control surface and, 
conversely, the air loads on the surfaces react di- 
rectly to the control points in the cockpit. The 
ability of this reaction to take place and permit sur- 
faces to neutralize when no stick forces are applied 


is in direct proportion to the value of the control 
cable friction. High friction would prevent the sur- 
faces from returning to neutral because this would 
produce the same effect as a positive stick force ap- 
plied at the controls in the cockpit, tending to hold 
any surface displaced. The most obvious answer to 
reducing cable friction forces is to use straight 
cable runs so that the atendant friction produced 
by changing direction around pulleys can be elim- 
inated. The deep upper deck floor structure on 
the Constitution proved invaluable in this regard, 
as shown in Fig. 4. Perfectly straight cable runs 
over extremely long distances are made possible by 
running the control cables through this structure. 
As shown in Fig. 4, the control system would appear 
to have been the governing criteria in the airplane 
configuration, since no airplane component has been 
permitted to interfere with straight control cable 
paths. The resulting low friction values have never 
before been attained, even in small twin-engine 
transports. 


Hydraulic System 


As already stated in connection with the descrip- 
tion of the flight control system, the Constitution 
hydraulic system is actually three separate systems. 
A 3000-psi pressure is used throughout, except for 
the brakes, which operate through a pressure re- 
ducer. While other manufacturers had already 
been using 3000 psi on their airplanes when the Con- 





Fig. 1—Hydraulic system mockup 
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Fig. 2—Electrical system mockup 


stitution design was begun, the power requirements 
needed on this airplane were far beyond any previ- 
ously experienced. It was, furthermore, anticipated 
that the control booster system might develop some 
problems not inherent in the lower-pressure systems 
used on the Constellation and P-38. This, and 
numerous valuable lessons learned on the Constella- 
tion development, led to the decision to build a com- 
plete full-scale working mockup of the entire hy- 
draulic system as designed for the airplane. The 
cost of such a program was obviously high but it 
unquestionably proved many times over to be a 
sound investment. The detail problems that arose 
and were successfully solved during the mockup 
testing, including life testing, were responsible for 
eliminating many time-consuming delays during 
flight tests, to say nothing of being the most reliable 
assurance of safety in flight. 

Since the power requirements under peak load 
conditions for controls, flaps, landing gear actua- 
tion, and the like, were so high, it made the number 
of hydraulic pumps needed to do the job very large. 
No large pumps were developed and available to help 
alleviate this problem at the time, so it was neces- 
sary to install three pumps on each engine to do the 
job. Had pumps of larger capacity been available, 
they could have helped reduce the number to, per- 
haps, eight instead of twelve. However, there are 
certain indirect advantages to having the smaller 
pumps since, like multiple engines, they provide an 
added degree of safety should one fail. 

A thirteenth pump is installed in the fuselage, 
powered by two electric motors geared together. 
This additional source of power has multiple uses. 
While the airplane is parked or is being towed, it 
provides hydraulic pressure using the ship’s bat- 
teries or a ground cart for electrical energy to per- 
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mit operation of the brakes and nose wheel steeri: 
This electrically driven pump may also be used 

check out the control system booster and flap sy 
tem on the ground as part of an inspection or pr 
flight check. 

All of the valves used throughout the hydraul 
system are electrically actuated and have a manu 
override lever to permit hand operation in the eve) 
of electrical power failure. Every valve is accessib 
in flight, since wing and nacelle access is provide 
by a tunnel leading out of the fuselage. In add 
tion, the numerous valves in the tail cone are als 
accessible in flight through a man hole in the af 
fuselage pressure bulkhead. Electrical operation « 
valves has a big advantage from many aspects. I 
is obviously simple to route wiring from switches t 
valve actuators when compared to cable actuatio1 
On such systems as the main and nose landin; 
gears, the problem of sequencing door operation i 
much easier when micro-switches can be used. The 
small electric motors used to operate the valves ars 
400-cycle a-c types and have no brushes, thus alti- 
tude problems usually associated with electri 
motors having brushes are nonexistent. A standard 
motor gearbox unit was developed and is used 
throughout on all types of valves, regardless of 
function, thus simplifying the spares problem. 


Fuel System 


The first problem to be faced in designing the fuel 
system in any airplane is the location of the fuel 
tanks. The quantity of fuel being known as a result 
of selecting an operating range was found to be such 
that the wing compartments could be arranged so 





Fig. 3—Trim tab switch 
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that an extremely simple and basic system could be 
designed. Apart from a fuel tank arrangement 
consisting of one large tank with all engines feed- 
ing from it, the next simplest appeared to be one 
fuel tank for each engine. It is on this latter pre- 
mise that the wing cells were arranged. Total ca- 
pacity of the tanks was to be approximately 10,000 
gal with approximately 8500 gal needed for long- 
range operation. 

The next decision was probably the most difficult 
one—integral tanks versus bladder cells. At the 
time this decision had to be made, the experience 
with integral-type fuel tanks was far from satis- 
factory. Numerous airplanes were in service with 
integral tanks and fuel leaks were too serious to pass 
over lightly. The development of new and better 
sealing compounds and application techniques was 
showing real progress, but it could not be said that 
a fix was fully developed. Lockheed had accumu- 
lated perhaps more experience with this type of 
tank than any other airframe manufacturer and 
was fully aware of the seriousness of the situation. 
In spite of this, it was felt that a satisfactory in- 
tegral tank could be developed in order to retain 
the weight advantage. 

The approach to a successful tank would, however, 
have to be different from that used in the past. All 
of the attractive aspects of integral fuel tanks could 
be best summarized by saying ‘‘more fuel in less 
space.” This had, unfortunately, led to the tank 
being just a section of standard wing structure 
sealed off by whatever means could be devised. This 
philosophy had been largely responsible for the poor 
reputation established for integral tanks. On the 
Constitution the problem was approached from a 
different angle. Instead of sealing off a normal sec- 
tion of wing, the tank area was established and the 
wing structure was designed to fit the tank, instead 
of vice versa. Without going too deeply into details, 
the basic policy followed through the Constitution 
tanks involved stopping all of the internal spanwise 
wing structure at each tank rib and picking it up 
within the tank without carrying elaborate struc- 
tural shapes through the tank walls, which required 
complicated sealing devices. Feeling that this 
would practically eliminate the tank leakage, the 
project went forward and service experience later 
proved that the tanks were definitely a success. 


Control Arrangement 


As already explained, the tanks were arranged one 
toanengine. The control arrangement for the fuel 
system is, therefore, very simple. For all normal 
engine operation, the fuel control problem is non- 
existent. In order to handle emergencies with the 
engine-out condition, a cross-feed system is pro- 
vided, which makes it possible to feed any engine 
from any tank to provide the flight engineer with 
the means of balancing fuel load. Fig. 5 shows this 
clearly without requiring a detailed explanation. 

The complete airplane fuel system was mocked-up 
in an operating manner so that altitude perform- 
ance could be simulated and many refinements of 
such details as fuel plumbing routing were worked 
out so as to provide the airplane with the best fuel 
system installation under altitude and maneuvering 
conditions. Plastic transparent tubing was used 
throughout in the fuel system mockup in order to 
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Fig. 4—Control system diagram 


permit the detailed examination of the fuel flow 
and critical breakdown points when operating under 
altitude conditions. 


Air Systems 


Cabin Pressure and Recirculating System—-When 
considering the cabin air supply system, perhaps the 
first point of interest is the pressurization supply 
source and control mechanism. The pressure of 
10,000 ft in the cabin at 25,000 ft amounts to an 
operating pressure of 4.67 psi. The source of air 
pressure is the engine exhaust-driven supercharger 
system. Since the airplane is designed to operate 
at a crusing altitude of 25,000 ft, each engine is 
equipped with a turbosupercharger. Thus, there 
exists a natural source of pressure air without me- 
chanically driven supercharging. In order to pro- 
vide adequate safety and to take care of inherent 
leakage of the fuselage when pressurized, a prede- 
termined quantity of air is bled from each turbo- 
supercharger for pressurizing the cabin. Based on 
previous experience obtained on the Constellation, 
an assumed rate of fuselage leakage, to be expected 
in service, was 30 lb of air per min. To assure suffi- 
cient safety margin, it was decided that each power 
source should contribute 30 lb of air per min or a 
total of 120. Not only would this give plenty of 
fresh air to the cabin, but it would assure adequate 
supply in the event of engine failure. 

In order to control pressure, as well as rate of 
ascent and descent within the fuselage, a completely 
automatic outflow valve is installed immediately 
behind the flight engineer. This valve is a large 
bell-mouth plug type, which is motor actuated and 
was designed and built for the specific job by Minne- 
apolis-Honeywell. The sensing mechanism is so ar- 
ranged to to measure the differential pressure be- 
tween cabin and outside air. In addition to being 
able to regulate the outflow valve to maintain a pre- 
selected pressure in flight, the mechanism also con- 
trols the rate of pressure change so that the effec- 
tive climb or descent rate within the cabin is within 
acceptable limits regardless of the actual airplane 
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Fig. 5—Fuel system diagram 





performance. As an emergency feature, the mecha- 
nism protects the cabin from excess pressure re- 
gardless of any errors that may be made in selec- 
tion of pressure. To protect the airplane further 
there is a pair of large pressure relief valves in- 
stalled at the tail cone, which are spring-loaded and 
operate at excessive pressure without any external 
power requirements. 

To assure adequate distribution of the cabin air 
throughout the occupied zones, as well as to con- 
serve the air supply, a recirculating system is used. 
Briefly, this amounts to forcing the air through a 
distributing duck-work by means of a 7144-hp axial- 
flow fan that handles approximately 440 cu ft of air 
per min. The recirculation of air is accomplished 
by forcing air into the cabin from ceiling ducts and 
drawing it into the plenum chamber between decks 
made up of lower deck ceiling and upper deck floor. 
The air is then drawn through activated charcoal 
filters for cdor removal and thence back through 
the recirculation fan to be mixed with clean incom- 
ing air. Based on the design leakage rate and over- 
board dumping resulting from pressure control, the 
air within the cabin under stabilized altitude con- 
ditions is approximately half fresh and half recir- 
culated air. Fig. 6 illustrates the extensive air 
ducting system necessary to accomplish the desired 
distribution and control. 

It should be mentioned that the air that enters 
the odor-producing areas such as galley and lava- 
tories is ducted immediately overboard through 
outflow valves rather than being drawn through the 
recirculating and filtering system. 
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Cabin Heating and External De-Icing System—T} 
prime source for heating cabin, wing, and tail su 
faces is the engine exhaust system. A large he: 
exchanger is installed in each of the engine exhau 
tail pipes so that all of the exhaust, under all ope 
ating conditions except take-off, passes through th 
exchanger. 

The cabin is divided into four basic zones, eac 
isolated from the other. This, in terms of heatins 
means that the heat requirement in each zone ca) 
differ widely from any other, depending not only o: 
volume but on the type of load carried in each. I 
is evident that when the passenger cabin is occupie: 
by 92 persons releasing their normal body heat, th: 
heat requirement at any given ambient outside tem 
perature will be considerably less than would be th« 
case of a half-filled cabin. Similarly, the lowe: 
deck sections may carry cargo or passengers and 
under these extremes, the heat requirement would 
differ markedly. Because of this, the heating ar- 
rangement is divided to handle each zone independ- 
ently. Heated air, which has been passed through 
the primary heat exchangers, is ducked into the 
cabin in stainless-steel tubes. It is acknowledged 
that this air may become contaminated by leaks in 
the heat exchangers, so, in order to prevent such air 
from entering directly into the cabin, a set of sec- 
ondary heat exchangers is installed beneath the aft 
lower deck floor. The clean cabin air leaving the 
recirculating fan is ducted through this battery of 
heat exchangers before entering the zones for which 
it is intended. The amount of heat picked up is 
regulated by a thermostat located in each zone, 
which controls a dump valve, regulating the amount 
of hot air permitted to cross-flow through the sec- 
ondary heat exchanger. The heated air coming 
from the primary exchangers is thus dumped over- 
board in amounts commensurate with the heating 
needs within the cabin. The capacities of the heat- 
ing systems for the cabin are such that there is suffi- 
cient heat available to maintain the cabin at 70 F 
when the outside ambient air temperature is at 
— 65 F. 

The wing and tail de-icing systems derive their 
heat from the same source as the cabin. The nor- 
mal arrangement, with all four engines operating, 
is set up such that the outboard engines supply heat 
for the wing leading edges outboard of the nacelles 
and between the nacelles. The inboard engines 
then de-ice the short section of leading edge be- 
tween those nacelles and the fuselage, together with 
the fuselage and tail leading edges. The same 
stainless-steel duct used to get heat to the secon- 
dary fuselage heat exchangers is used to carry heat 
back through the fuselage to the tail. A transfer 
valving arrangement is provided to assure the wing 
and tail of enough heat under all conditions, even 
at the expense of the cabin. 

The manner in which the heated air is distributed 
to wing and tail surfaces follows generally conven- 
tional practice. This consists of an inner skin with 


- corrugations, which form a path for the heated air 


to follow chordwise after being permitted to enter 
at the extreme leading edge. To assure proper flow 
and uniform distribution in a spanwise direction, 
the apertures at the exit end of the corrugations 
must be accurately sized and a path for the air to 
follow through the wing to a low-pressure area must 


SAE JOURNAL 








ee ee a ol 


cr ww wh 


provided. In the Constitution this path follows 
e wing leading edge access tunnel in the case of 
.e wing, and aft through the wing flaps and aileron 
ips. For the empennage, the air exists out 
1rough the elevator gap. 


Systems Operation 


Electrical System—The original concept of the 
lectrical system had to be completely changed prior 
o the first flight of the prototype because the con- 
tant-speed drive and alternator had to be aban- 
ioned. A temporary electrical power system was 
installed in the prototype, consisting of two apu’s 
driving a-c alternators. This was purely an ex- 
pedient to allow flight tests of the airplane to start. 
While flight tests of the prototype continued, the 
electrical system was redesigned to make use of a 
120-v d-c generator system. One of these genera- 
tors was installed on the prototype to obtain service 
experience. When the second airplane was flown, 
it was equipped with the 120-v d-c system. One of 
the major electrical system problems that had to be 
worked out in flight was cooling the 120-v generator. 
A successful cooling configuration was finally ar- 
rived at, consisting of an inlet cooling duct and an 
exhaust duct from the generator dumping over- 
board. This exhaust duct served two purposes: 

1. To increase the flow by exhausting into a low- 
pressure area. 

2. To assist in fire control in the event of a gen- 
erator fire. 
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Main Landing Gear Wheel Prerotation—Each 
wheel was provided with a flat pancake type of 
motor having a rotating field on the inside of the 
Stationary armature. With the change in the elec- 
trical system from an a-c primary system to the 
high-voltage system (120-v), Lockheed developed 
with Dever the prerotation motor for the 120-v sys- 
tem. Each engine-driven 120-v generator drives 
the prerotation motors for a pair of wheels. There- 
fore, loss of any generator drops one pair of pre- 
rotation motors. The inrush current was found to 
be 75 amp per motor, which decayed to 20 amp after 
2 min of operation. The motors turned the wheels 
to an equivalent speed of 80 mph +10%. The main 
service troubles that were uncovered during the 
flight test program were with the brushes and brush 
holders. 

The standard operation was to turn on the pre- 
rotation upon turning into the base leg of the land- 
ing pattern. After 2 min of operation, the wheel 
speed was approximately 90% of maximum. At 4 
min, the field winding was at maximum tempera- 
ture. Upon contacting the ground, the prerotation 
motors are shut off by the main landing gear scissors 
switch. 

As regards use of vanes on tires, it was found that 
if the vanes started the wheels turning, naturally 
the starting torque on the motor was greatly re- 
duced. However, the running torque with vanes is 
increased. The vanes would always turn the front 
wheels but, on most occasions, the rear wheels would 





Fig. 6—Air conditioning duct system 
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not turn, being in the wake of the front wheel. 
Consequently, the breakaway torque required of the 
motor had to be based on starting from a com- 
pletely stopped condition. 

The success of the landing gear wheel prerota- 
tion was due in a large part to the Hayes type of 
brake installation, since it was demonstrated that 
the breakaway torque, immediately after brake ap- 
plication, was less than 3 ft-lb, whereas the break- 
away torque, immediately after brake application, 
on another type of brake was greater than 20 ft-lb. 
This is important under conditions of wave-off 
where it must be assumed that some brake applica- 
tion was used heating up the brakes, and that the 
prerotation would be used shortly thereafter on the 
second approach. 


Hydraulic System—The very extensive laboratory 
tests of the complete hydraulic system, including 
the surface control power boosters, landing gear, 
and the like, were demonstrated to be worth while 
by the absence of hydraulic system problems during 
the flight test program. One failure that showed up 
in the flight test program that was not uncovered 
by the laboratory tests was fatigue failure of 24S-T 
lines having small bend radii. This was undoubt- 
edly due to the absence of vibration in the labora- 
tory tests. It was definitely the opinion of the 
flight test crew that the laboratory tests paid for 
themselves because, except for relatively minor diffi- 
culties similar to the one just mentioned, the hy- 
draulic system performed extremely well and re- 
quired little or no redesign during the flight test 
phase. One item that disclosed a difference be- 
tween laboratory and actual flight test was con- 
cerned with landing gear operation. The rigidity 
of the structure and the simulated air loads on the 
landing gear apparently were not the same as in 
flight because deformation of the structure resulted 
in binding of the downlocks. This was corrected by 
providing more clearance. 


Fuel System—The hot fuel climb corroborated the 
laboratory tests of the fuel system remarkably well, 
the pump critical altitude with 110 fuel checking 
the laboratory results within 400 ft of altitude. 
One modification to the fuel system that had to be 
made as a result of flight test was to provide a surge 
box in the fuel tanks to keep the tank outlet from 
unporting during the very steep descent, which oc- 
curred in a power-off approach with flaps down and 





at flap placard speed. This angle was 14 deg. 

was also necessary to modify the fuel dump syst: 
to keep fuel from touching the stabilizer tips d 
ing dumping. The flight test airplane was provid 
with fuel totalizers on each engine to facilitate fu 
flow measurements and satisfactory control. T) 
proved to be so valuable that it was adopted 
standard equipment on both airplanes. 


Air Conditioning System—Flight tests indicat 
that the airflow and distribution in the cabin we 
satisfactory, but the cockpit needed considerab 
more air than was originally provided. Ducting w 
modified to correct this condition. One feature 
the presurization system that proved of great val 
was the manually controlled outflow valve in the 
flight engineer’s station. In the event of difficult, 
in the electrical part of the pressurization system 
the flight engineer could conveniently control cabin 
pressure. One change that was made in the air 
conditioning system in the galley was in anticipa- 
tion of a possible fire hazard. The air was ex- 
hausted from the galley over the stove through 
ducts that connected with other ducting leading to 
the outflow valve. It was thought that a flash fire 
in the galley could possibly cause a conflagration if 
it entered the exhaust ducting. Consequently, this 
ducting was removed and the galley air was ex- 
hausted directly overboard through a sonic venturi. 


Thermal De-Icing—lInitial tests of the thermal! 
de-icing under dry-air conditions indicated that the 
anti-icing air temperature exceeded the limit of 
300 F and locally heated some wing leading edge 
structure above the Navy specification of 250 F. 
There was a further limitation imposed to limit the 
temperature in areas that contained unaged 24S-T 
to 200 to prevent corrosion and reduction of 
strength. All areas in vertical and horizontal 
stabilizers were affected by this limitation. Tem- 
peratures in all areas were reduced to an acceptable 
value by increasing the airflow through the pri- 
mary heat exchanger by providing a cold-air pas- 
sage through the center of this heat exchanger 
Upon completion of development work required to 
provide suitable dry-air performance, actual experi- 
ence was obtained during icing conditions and indi- 
cated satisfactory de-icing. 

(Paper on which this abridgment is based is avail- 
able in full in multilithographed form from SAE 
Special Publications Department. Price: 25¢ to 
members, 50¢ to nonmembers.) 
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ARE YOU AN EXECUTIVE? 


Here an executive of duPont answers this question 


via common denominators of executives he has known 


Chaplin Tyler, 





HAT are the broad characteristics common to the 
most capable executives? 

They are energy or drive, effective intelligence, 
and effective relationships with people. 

This selection is based upon personal observation 
of those executives with whom I have worked closely 
at various times over a period of 30 years. Among 
these men were educators and editors, line and staff 
executives, young men and “old timers.” 

Energy or drive is manifest by a great capacity 
for work, coupled with constructive direction of per- 
sonal effort. It is channeled to achieve results for 
the organization rather than for the self and it is 
infective for it impels or motivates effort in others. 

The capable executive is a determined person. 
He has a sense of direction, a plan, and a timetable. 
He finishes with the same drive that he starts with. 
The 10 best men known to me seem to be motivated 
by something other than hope of monetary reward 
or broadened power. They give the job all they 
have and let material reward and better position 
come as they will. 

Effective intelligence involves more than posses- 
sion of intellect. An executive must be able to 
think a problem through which means to define it, 
resolve it, then decide on a practical course of 
action. He is intellectually honest and he thinks 
straight. 

The best executive is a thinker. This role is often 
overlooked because the executive spends so much 
time working with people. But he must be a 
thinker, because, in the last analysis, he must make 
decisions, and sound decisions base on sound rea- 
soning. 

Effective relationships with people is developed to 
a high degree by my best executives. All are ap- 
proachable, all are good listeners. They are un- 
conscious of rank. With respect to superiors they 
take orders and accept constructive criticism with- 
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out rancor. They collaborate unstintingly with as- 
sociates and strive to evoke cooperative effort among 
subordinates. 

Some people call the quality that evokes coopera- 
tion “leadership ability;” I call it effective relation- 
Ships. The good executive sets the standard of 
behavior. By showing sincerity, honesty, and co- 
operation in dealing with others, he evokes a similar 
behavior. 

It seems pointless to weigh these broad character- 
istics of energy, effective intelligence, and effective 
relationships. The man of high caliber, like a well- 
balanced team, operates as a total organism. The 
three attributes are essential and none can say that 
one component is more important than another. 
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Have You “Top Brass’ 
Metal? 


Do people look to you to get things done? 
Are you in demand to head committees? 


Are you asked to analyze tough problems or 
merely asked to contribute data? 


Have you contributed substantially to the 
advancement of your business? 


Do you enjoy working with people? 


Do you jump at the chance to boost an 
associate? 























Jet Fuel Control Systems 


P< Mock, Bendix Product 





EVELOPMENT of fuel control systems for jet 
p engines presents a number of engineering and 
administrative problems. These 
serious thought and consideration: 

What are some of the special difficulties of the jet 
control engineer in meeting military demands? 

Who should supervise selection and adaptation 
of a fuel control for a given jet engine and airplane? 

Procurement procedure for complex military air- 
planes is a most difficult problem for jet control 
engineers. The specification method, as now ap- 
plied to both experimental and new model produc- 
tion equipment, has this drawback: specifications 
must be drawn broadly if they are to act as an in- 
centive to better standards of performance or con- 
struction. But broad specifications are not con- 
ducive to a favorable system of parts standardiza- 
tion, so important in modern war. The basic prob- 
lem is how to combine a steady rise of development 
with required production standardization at suitable 
intervals. 

Specifications therefore should develop as a prac- 
tical compromise. Such an approach, to be effec- 
tive, requires consultation with all parties con- 
cerned—the control engineer, the engine engineer, 
and the airplane engineer. 

A few years ago, development of controls for pro- 
duction airplane engines was definitely assigned to 
the engine manufacturer. While this procedure 
does not tend towards standardization, it probably 
will be retained because of procurement and ad- 
ministration advantages. But it is highly impor- 
tant that more emphasis be placed on the necessity 
of coordination of all the divisions of engineering 
involved in control application. 

A more complete system of comparative flight test 
evaluation of controls would be an important step 
in the direction of reasonable standardization—if 
fairly and adequately conducted. Certainly no 


points require 
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standardization should be attempted without such 
an evaluation. 

The decision as to who should supervise the selec- 
tion and adaptation of a fuel control for a given jet 
engine or airplane is a difficult one. It requires 
balancing these four engineering requirements. 


a. Fuel metering method, control design, and 
manufacturing procedure. Requirements of relia- 
bility, space, and weight justify special construction 
for aircraft. Efforts to adopt practice from other 
fields (steam turbine controls) have not been espe- 
cially encouraging. 


b. There must be complete up-to-the-minute 
knowledge of engine characteristics and require- 
ments. This might indicate that controls should be 
designed by the engine builder. But the past record 
of the internal-combustion engine shows that a 
major percentage of the advances in fuel metering 
were made by fuel metering specialists. However, 
there have been instances where engine men made 
cutstanding contributions. 


c. Any control dvelopment must be tied in closely 
with flight conditions and phenomena, and per- 


formance in the air. No one has gotten around this 
requirement. 


d. Familiarity with the routine method of hand- 
ling and various operational demands made upon 
the control in the particular service for which it is 
intended. ... military training, military combat, 
or commercial use. 


These requirements involve the control designer 
and manufacturer, the engine builder, the airplane 
builder, and the eventual user of the airplane. 
Which should be set up as the project engineer to 
properly harmonize the requirements of all? 
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Present Unusual Problems 


Expediency dictates imposing this responsibility 
upon the engine builder. These additional require- 
ments should be taken into consideration. 


a. The man acting as the Project Engineer should 
not regard himself only as an employee of the 
engine company. His job is to coordinate efforts of 
the control builder, airplane builder, and engine 
builder in meeting requirements of the final user of 
the control. Some may reject this as impractical, 
but in the long run it is probably to the best interest 
of the engine company. If such a policy is not 
followed, eventually the final user will insist on 
dictating the selection of controls. 


b. It must be continuously kept in mind that the 


objective is improved flight performance under 
service conditions, using only the usual service 
personnel. 


c. The man in charge should be of mature ex- 
perience, the administrative rather than the in- 
ventive type, and free from prejudice and pressure 
from any source. He should be connected with no 
competing development projects of his own com- 
pany. 


(Paper on which this abridgment is based is avail- 
able in full in multilithographed form from SAE 
Special Publications Department. Price: 25¢ to 
members; 50¢ to nonmembers.) 





The Situation on Gas Turbine Fuel Control... 


HE gas turbine fuel control situation appears to be in a state of confusion. The following is be- 
lieved to be a fair summary of the present status. 


1. Engine builders build almost two separate control types for each engine, all differing widely 
in operational characteristics, functional requirements, and requirements for repair and calibration 
service. (A serious burden in case of widespread war) 


2. Military specifications call for generally uniform flying characteristics. 


3. A reasonable degree of automatic starting and restarting is achieved with certain controls. 
With others, the inexperienced pilot—by using hot starts—runs a considerable risk of damaging 


his engine. 


4. Some controls are relatively dependable mechanically. Others of different construction do 


not have such good records. 


5. Controls in use in the Korean war (all of one type) appear to be quite satisfactory in service. 
But this point seems to receive little consideration in the intensive procurement of new engine 


types. 
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Fig. 1—Standard distributor cap and rotor 
tributor cap and rotor (right) 


and all-weather dis- 


Fig. 2—Cutaway view of all-weather cap showing square-cornered rib 
—to improve arcover characteristics when wet 


How to Keep Your 


BASED ON PAt 


H. L. Hartzell and 
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B. H. Short 
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ANY measures can be taken to minimize the 

effects of moisture on ignition systems that are 
not required to operate submerged or under heavy 
splash conditions. Listed in the degree of their 
effectiveness, these are: 

1. Replace braid-lacquer-covered cables with neo- 
prene-covered cables. 

2. Install tightly fitting, durable nipples on all 
towers of the distributor cap and on the coil output 
terminal. 

3. Install tightly fitting, durable nipples on all 
spark plugs. 

4. Provide adequate distributor ventilation. 

5. Replace distributor cap and rotor with units 
having their contouring designed to minimize the 
effects of moisture. 

For submersion or heavy splash conditions, special 
designs have been developed that give effective pro- 
tection. 


Protection from Moisture 


Even ignition systems that don’t operate sub- 
merged or under heavy splash conditions must be 
protected from the film of moisture that may be 
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deposited over the coil high-tension surfaces, the 
secondary cables, the distributor high-voltage sur- 
faces, and external portions of the spark plugs. 

Condensation of moisture from crankcase vapors 
inside the distributor cap can also become a serious 
problem when distributor ventilation is not ade- 
quate. This menace to satisfactory ignition can be 
minimized by distributor cap design or eliminated 
completely by supplying positive ventilation. 

It has frequently been demonstrated that in 
actual operations the braid-and-lacquer-covered 
cables soon become sources of ignition loss when 
wet. When the lacquer coating becomes cracked, 
the braid acts as a wick to’ carry moisture a con- 
siderable distance along the cable. The wet braid 
then becomes an effective conductor and leaks ig- 
nition energy to the high-tension cable supports. 
For this reason neoprene-covered secondary cables 
have already been widely accepted by the industry. 
The merit of using tightly fitting nipples on the 
towers of the distributor cap and the coil high- 
tension outlet has also been accepted as effective 
insurance against the loss of ignition energy under 
moisture conditions. 


SAE JOURNAL 

















3—Cutaway cap showing contouring of internal surfaces, which 
is effective in breaking moisture film 


Fig. 4—View showing ribs, which are very effective in preventing 


tracking between inserts 


gnition System Dry 


1. When system won't be submerged 


2. When system might be submerged 


To obtain quantitative data on the effect of mois- 
ture, various components were tested under syn- 
thetic conditions considered similar to those in ac- 
tual service. The units to be tested were first cooled 
to 0 F, then they were placed in a test room with a 
relative humidity of 55% and a temperature of 72 F. 

A coating of frost first appeared, from the con- 
densation and freezing. When the frost melted, a 
uniform deposit of moisture was formed over all the 
surfaces. Voltage measurements were made while 
this moisture film was present. 

The spark plugs were screwed into a bomb 
through which air was allowed to flow under pres- 
sure. The pressure was increased to prevent spark- 
ing at the plug electrodes. The flow of air was 
sufficient in volume to prevent the accumulation of 
moisture on the internal surfaces of the plugs. 

To simulate the coating of dust and oil that 
usually accumulates on the components of a vehicle, 
the parts were painted with a solution of motor oil 
dissolved in carbon tetrachloride. When the sol- 
vent had evaporated, there was a thin coating of oil 
ver the surfaces to be studied. The units were 
‘hen placed in a box containing agitated AC spark- 
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plug cleaner test dust prepared according to Army 
specification. The resultant coating closely ap- 
proximated the appearance of that found on com- 
ponents in actual service. 

Two types of tests were made. In each test the 
total capacity of each secondary circuit was held 
constant at 50 micromicrofarads (when dry). In 
one group of tests the energy input to the ignition 
system necessary to give 15-kv output from a clean 
dry system was determined. This value of input 
was then used while the output voltage available 
under the various conditions of moisture and dirt 
was determined. In this way the decrease in sec- 
ondary voltage from the condition under study 
could be evaluated. 

These tests showed that, when the plug was clean, 
moisture condensation reduced the available voltage 
by only 7%. Adry coating of oil-dust had even less 
effect, for it reduced the voltage by only 3%. When 
the oil-dust-coated plug was given the moisture 
treatment, however, it dropped the available voltage 
by 52%. Since in service most plugs will accumu- 
late a dirt coating, unless kept finically clean, this 
condition often prevails. When this is true, the 
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engine will not start or operate satisfactorily, for 
the ignition reserve is not sufficient to permit a loss 
of anything like 52% of the available voltage. 

(That the synthetic conditions of this test were 
equivalent to those found in actual service was veri- 
fied because the oscillogram that was taken during 
this test checked closely with observations made 
from plug-lead assemblies that has been operated in 
a vehicle for 20,000 miles.) 

Further tests showed that the loss in voltage can 
be minimized by using a tightly fitting nipple, even 
though it is dirty and wet. In this case the voltage 
decrease was only 5% of the voltage that was avail- 
able with a new, clean, and dry plug. 

Study of a number of spark-plug nipples dis- 
closed, however, that because of the high tempera- 


Table 1—Flashover Potential and Reduction Caused by 





Moisture 
Flashover Reduc- 
Potential, kv an Due to 
Dry Wet Moisture 
New Spark Plug 23.0 20.0 13 
Dirty Spark Plug 22.5 17.5 22 


Dirty Spark Plug and Nipple 328 32° 0 
Clean Standard Distributor 


Cap and Rotor 33.0 23.5 29 
Dirty Standard Distributor 

Cap and Rotor 31.0 21.0 32 
Lacquer-Coated, Clean Standard 

Distributor Cap and Rotor 35.5 31.0 13 
Lacquer-Coated, Dirty Standard 

Distributor Cap and Rotor 31.0 23.0 24 
Clean All-Weather Cap 

and Rotor 36.0 35.0 3 
Dirty All-Weather Cap 

and Rotor 35.0 33.0 6 


“This was the maximum voltage available from the igni- 
tion system in use. ‘The spark plug did not flashover either 
wet or dry. 
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ture at this point and because of the ozone that is 
formed in this region, some currently available 
nipples soon lose their effectiveness. There may be 
a variety of materials and many variations in shape 
that will do a good, durable, waterproofing job, but 
plenty of performance and durability testing should 
be required before any of them are approved. 

Tests of the standard distributor cap and rotor 
indicate further that a dirt coating does not de- 
crease the available peak voltage as long as the 
parts are dry. Moisture on the clean cap decreases 
the voltage by 20%, and moisture on the dust-coated 
cap drops the voltage by 33%. This decrease was 
also closely approximated by a test on a distributor 
cap and rotor that had accumulated their own oil- 
dust coating during 30,000 miles of regular operating 
service. Obviously, such decreases are of intoler- 
able magnitude, and indicate that some correction 
should be made. 

One of the better commercially available non- 
wettable coatings was also studied. The tests 
showed that its use greatly improves the situation 
while the cap is clean and wet, having reduced the 
loss from 20% to 2% in the tests. When the cap 
had accumulated an oil-dust coating, however, this 
treatment decreased the loss in voltage from 33% 
to 28%. Thus, the lacquer coating does not appear 
to be an effective treatment, for in actual operation 
the caps do become dust-covered. 

A study of contours for insulating surfaces in- 
dicated that a given number of ribs is less affected 
by moisture when the ribs have sharp corners than 
when they are rounded. It was also found that 
more ribs used in a given length of path result in a 
greater flashover voltage. 

As far as possible, the technique gained from the 
tests was incorporated in a new distributor cap and 
rotor—called the all-weather cap. It is compared 
with a standard cap and rotor in Fig. 1. The in- 
terior contours are shown in Fig. 2.. Note the gen- 
erous use of a number of sharp-cornered ribs in each 
of the possible leakage paths. This cap, because of 
its larger size and greater separation between in- 
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j ts, is capable of handling higher voltages than 
4 e standard type. 

When encrusted with dirt and wet this new cap 

‘opped the available voltage by only 10%. 

The system with the standard cap and rotor and 

ith no spark-plug nipples drops the available volt- 

re by 53% when oil-dust coated and wet, while the 
ymbination of the all-weather cap and rotor and 
he nipple-covered plugs reduces the voltage by 

nly 12%. 

Another series of tests showed that dirt on the 
park plug causes some decrease in the flashover 
voltage, but that dirt and moisture further lower 
it to the range of normal ignition voltages for some 
engines. Installation of nipples raises the flashover 
voltage far beyond any ignition requirement en- 
countered, even in the latest high-compression en- 
gines. 

The standard cap and rotor have a flashover 
potential when dirty and wet that is very close to 
the ignition requirements of those high-compression 
engines. Coating with moisture film repellent lac- 
quers does not materially improve this condition. 

The new all-weather cap has flashover ratings, on 
the other hand, when both dirty and wet, that are 
wel! above any known ignition requirements. It is 
a happy coincidence that the same measures that 
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minimize the losses in voltage when the components 
are wet are also most effective in increasing the 
arcover rating under the same conditions of wet- 
ness. A summary of flashover voltage data is given 
in Table 1. 

There are installations where the distributor cap 
is sufficiently cooled by the engine fan so that 
crankcase vapors coming into the distributor lose 
their water by condensation onto the inner surfaces 
of the distributor cap. This moisture promotes 
arcover on the inside surfaces of the cap. Aftera 
comparatively short time these arcs are apt to es- 
tablish burned tracks over the surfaces, resulting 
in cap failure. Contouring of the internal surfaces, 
as shown in Fig. 3, is very effective in preventing 
the formation of conducting paths to the distributor 
base casting. Ribs as shown in Fig. 4 have been very 
effective in preventing tracking between inserts. 

The introduction of hot air into the distributor 
and the forced air ventilation system shown in Fig. 
5 are positive cures for this trouble. 


Protection from Complete Submersion 


Complete submersion of the ignition system can 
be expected in military vehicles. Fig. 6 shows a 
system designed for this type of service. It has the 








Fig. 6—Waterproof ignition system that meets military specifications for submersion. It is also suppressed for radio noise 
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Fig. 7—Submerged ignition system 





Fig. 8—Components for system shown in Fig. 7 


SECONDARY 


PRIMARY 
LEAD 





ignition coil built into the distributor housing. Ths 
entire distributor is sealed to prevent the entrance 
of moisture, and ventilation is secured by drawing 
air from the air cleaner through the distributor to 
the intake manifold. The high-tension leads are 
enclosed in waterproof conduits, which are sealed 
by means of spring-loaded gaskets at both the dis- 
tributor and the spark-plug ends. This system has 
proved adequate, even when submerged in Salt 
water. The conduit is not necessary for water- 
proofing, as the seals can be applied directly to the 
leads. The covering is used here for radio noise 
suppression. 

A second system in which the secondary leads are 
not shrouded is shown in Figs. 7-9. This arrange- 
ment, when used with shielded and sealed spark 
plugs, is satisfactory for fresh-water submersion. 
It is also reeommended for use when the engine of a 
coach is mounted below the floor, so that it is sub- 
jected to continual splash in wet weather. 

This system requires a high grade of elastomer- 
covered high-tension cable. These cables are sealed 
into the distributor and coil high-voltage outlets 
by spring-loaded gaskets, as shown in Fig. 9. With 
this system the distributor must be force ventilated 
by methods similar to those already described, and 
as shown in Fig. 5. 

Some undercoach engine installations have been 
used with rubber or leather boots enclosing the dis- 
tributor and the adjacent leads. This method has 
rarely been satisfactory, partly because adequate 
ventilation is not provided and, secondly, because 
the boots do not give sufficient protection from the 
splash. The inadequate ventilation permits the ac- 
cumulation of nitrous acid, which corrodes and 
roughens the circuit breaker cams, which, in turn, 
causes excessive breaker rubbing block wear. An- 
other trouble arising from poor ventilation is the 
formation of conducting tracks across the surfaces 
of the distributor cap and rotor. All of the effects 
of poor or no ventilation may be eliminated by using 
the system shown in Fig. 5. 

(Paper on which this abridgment is based is avail- 
able in full in multilithographed form from SAE 
Special Publications Department. Price: 25¢ to 
members, 50¢ to nonmembers.) 


Fig. 9—Sealing details as 
used in system shown in 
Fig. 7 
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IESEL ENGINES are being developed to give increased power output while burn- 
ing fuels of no higher grade than formerly—in fact. in some cases, while using 


fuels of lower grade. Such improvements are providing the incentive to develop 
oils—now known as Series 2 oils—with additional additives, to counteract the effect 
of the resulting higher concentrations of incompletely oxidized products and acids 
formed in the combustion process. The greater additive concentration of these lub- 
ricants increases their unit cost and hence they must be used as efficiently as pos- 
sible. The authors have endeavored to analyze the situation, and to suggest how 
their efficient use could be achieved. 


The complete paper consists of two parts. The first outlines a laboratory method 
used to determine economic oil drain intervals for a stationary 4-cyl diesel engine. 
Upon consideration of the experimental data, the authors make some generalizations 
concerning changes in lubricating oil properties and engine wear. On the basis of 
these observations and calculations pertaining to basicity and engine wear, certain 
specific recommendations are proposed affecting oil drain practices. 


The second part of the paper presents field test data for several diesel engines 
of the same makes but of various sizes, which operated more than 15,000 hr on work 
schedules using extended oil drain intervals with a commercial Series 2 crankcase 
oil. The effects of operating conditions and operating time between crankcase oil 
drains on both engine wear and cleanliness are examined in these extensive tests. 


The last section of the paper—in which the authors give an economic comparison 





between operation with 2-104B and Series 2 lubricants—is presented here. 








Series 2 Oils 
Pay Their Way 


fd Paes 


FFORTS to reduce operating expenses caused by 

undesirable deposits and wear in diesel engines 
have frequently included the use of premium-grade 
fuels and much-shortened drain periods. Often, 
however, the lubricating oil, fuel, or engine repair 
costs have actually turned out to be higher than 
before these techniques were used. 

The use of Series 2 oils, on the other hand, may 
accomplish the desired result, as indicated by the 
examples shown in Fig. 1. In this figure operation 
and costs for several engines of one make are com- 
pared when these different approaches to the prob- 
lem were tried. 

In all cases costs are calculated on a crankcase 
capacity of 10 gal and a conservative oil consump- 
tion of 30 hr per gal. 

Pistons 1, 2, and 3 of Fig. 1 are from engines in 
which 2-104B oils were used. Piston 3 was removed 
from an engine engaged in marine-propulsion ser- 
vice, and represents 1032 hr of operation using a 
conventional 2-104B oil with 240-hr drain periods 
and a regular grade of fuel having a 0.34% sulfur 
content. The oil costs were $45 in this case, but ob- 
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viously the operator was faced with a premature 
repair bill. Piston 1 was removed from an engine 
used as a pumping unit for a deep well in Arizona. 
Premium-grade fuel was used for 3744 hr, together 
with 2-104B lubricating oil. The results were better 
than in the previous case, although the premium 
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240-hr drains 

$165 per 1000 hr (oil and increased fuel cost) 

75 gal 2-104B oil at 60¢ per gal 

Premium fuel (0.15°5 sulfur) 6000 gal 

Cost at 2¢ per gal $120 

95% carbon No. | groove 

0.0015 in. per 1000 hr liner wear 

0.015 in. per 1000 hr top ring gap increase 
(nonchrome) 

3744 hr 





260-hr drains (1-500 hr) 

$65 per 1000 hr (oil cost) 

72 gal Series 2 oil at 90¢ per gal 

Regular fuel (0.75% sulfur) 

60% carbon No. | groove 

0.0013 in. per 1000 hr liner wear 

0.020 in. per 1000 hr top ring gap increase 
(nonchrome) 


1838 hr 


Fig. 1—Piston conditions and operating costs with 2-104B and Series 2 oils 







240-hr drains 

$45 per 1000 hr (oil cost) 

75 gal 2-104B oil at 60¢ per gal 
Regular fuel (0.34% sulfur) 
100% carbon No. | groove 
0.007 in. per 1000 hr liner wear 
Stuck top rings 

1032 hr 





60-hr drains 

$120 per 1000 hr (oil cost) 

200 gal 2-104B oil at 60¢ per gal 

Regular fuel (0.5% sulfur) 

70% carbon No. 1 groove 

0.0025 in. per 1000 hr liner wear 

0.015 in. per 1000 hr top ring gap increase 
(nonchrome) 


4682 hr 





500-hr drains 

$48 per 1000 hr (oil cost) 

53 gal Series 2 oil at 90¢ per gal 

Regular fuel (1% sulfur) 

1% carbon No. 1 groove 

0.0006 in. per 1000 hr liner wear 

0.008 in. per 1000 hr top ring gap increase 
(chrome) 

2901 hr 
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,arged for the fuel plus the cost of the lubricating 
| resulted in a cost of $120 plus $45, or $165 per 
00 hr of operation. Piston 2 comes from an engine 
in for 4682 hr to power a drill rig mud pump, again 
sing a 2-104B oil, but draining every 60 hr. In this 
use the fuel had a sulfur content of 0.5%. The 
esults were passable, but, in spite of the short 
irain intervals with a medium sulfur fuel, the de- 
posit level was higher than desired. This, combined 
with the cost of $120 per 1000 hr for lubricating oil, 
hardly permits a reasonable level of economy. 


Operation with Series 2 Oils 


Piston 3—from the marine-propulsion unit that 
failed at 1032 hr when 2-104B oil was used—should 
also be studied in relation to pistons 4 and 5 from 
engines operated with Series 2 oils. Piston 4 is from 
a pumping unit using regular fuel with a sulfur con- 
tent of 0.75% and drain intervals between 260 and 
500 hrin length. The cost of the Series 2 lubricating 
oil was $65 per 1000 hr in this case. Piston 5 was 
removed from a tractor engine operated with 1% 
sulfur fuel and a Series 2 lubricant for 2901 hr and 
using a drain period of 500 hr. Here, the lubricant 
cost came to $48 per 1000 hr of operation. 

The data of Fig. 1 are presented as representative 
of field conditions and the selection of subjects was 
made to indicate the fallacy of dependence on fuel 


Marine-propulsion unit 
Regular fuel (0.34% sulfur) 
1400 hr 1373 hr 


Fig. 2—Pistons removed from engines following field tests on Series 2 oils operated for customary maximum drain period of 240 hr for 2-104B 


Deep well pump engine 
Regular fuel (0.60% sulfur) 


of premium quality or short drains as a substitute 
for quality of lubricating oil in the search for de- 
sired engine results and operating economy. 

Fig. 2 shows pistons removed from the engines 
represented in Fig. 1 (pistons 1-3), following the 
field tests of Series 2 oils operated for the customary 
maximum drain period of 240 hr for 2-104B oils. 


Benefits to Owner 


Each owner benefited beyond the improvements 
provided by the oil, as: 


1. He was able to avoid costly repair bills at pre- 
mature hours. 


2. He was able to operate satisfactorily with reg- 
ular diesel fuel having 0.6% sulfur. 


3. The one who had moved to an area of high 
sulfur fuel (1%) was able to obtain satisfactory 
results with 240-hr drain periods. 


Each engine presented conditions that indicated 
the possibilty of extended drain periods and in- 
fluenced the initiation of the present project. 

(Paper on which this abridgment is based is 
available in full in multilithographed form from 
SAE Special Publications Department. Price: 25¢ 
to members, 50¢ to nonmembers.) 








Powering drill rig mud pump 
Regular fuel (1% sulfur) 
1947 hr 


oils (engines used in these tests are same as those represented by pistons 1-3 in Fig. 1) 
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HE liquefied petroleum gases referred to as LPG 

include propane, propylene, normal and isobutane, 
and butylenes. 

The principal sources of LPG are crude oil wells, 
natural gas wells, gas distillate wells, and refinery 
operations. 

Some of the principal properties of pure propane 
and butane are listed in Table 1 together with 
data on average commercial products. These ma- 
terials are known as liquefied petroleum gases be- 
cause while gaseous at normal temperatures and 
pressures, they liquefy rather easily under pressure. 
Thus, while propane will boil or vaporize at -44 F at 
atmospheric pressure, at 100 psig it is a liquid at 
+60 F. 

Both propane and butane are essentially odorless. 
Since they are flammable products, a large number 
of states and municipalities have specified that an 


odorant be added in accordance with the standards 
of the National Fire Protection Association to permit 
the vapor, which is heavier than air, to be readily 
detected in case of a leak. Common odorants used 
in LPG in the past several years are sulfur com- 
pounds of the mercaptan type such as ethyl or iso- 
propyl mercaptan. 

The composition and properties of commercial 
LPG will depend upon the source. The products 
from gasoline and recycling plants contain only the 
saturated normal and isoparaffins. Refinery pro- 
duction will contain appreciable quantities of un- 
saturated or olefinic hydrocarbons such as propylene 
or butylene. In addition, the particular blend used 
for LPG will depend on the supplier, the locality, and 
climatic conditions. 

LPG may be essentially 100% propane or butane 
or mixtures of the two. Butane has a higher boiling 





N his complete paper, which will be published in 
full in SAE Quarterly Transactions, Mr. Raymond 
concludes that: 


1. Potential availability of liquefied petroleum 
gas on a national basis will continue to be far in 
excess of projected demand for some years, the 
chief source of supply being the crude and gas 
well production region of the Southwest. 


2. No fundamental technical difficulties appear 
to exist in the automotive use of LPG. Engines 
of higher compression ratio, now available, com- 
pensate for the lower heat content of LPG. Fuel 
consumption in miles per gallon equivalent to gaso- 
line is possible. 


3. The growth of automotive use of LPG nation- 
wide has been erratic. Volume declined slightly 
during the last two years. 


4. LPG installations—including engine, storage, 
dispensing, and ventilating equipment—cost con- 
siderably more than gasoline facilities. 


5. Delivered price of LPG from the Southwest 
production fields varies with locality. Transporta- 
tion is a major item of cost to the highly indus- 
trialized areas. In the East, where refinery propane 
appears to be lower in cost than material from the 
Southwest, the supply of this lower cost material 
is limited. 


6. Although maintenance needs are reduced, 
economics of LPG versus gasoline- or diesel-powered 
coaches is keyed chiefly to the differential in fuel 
cost. Stability of the price differential is a major 
factor in projecting costs of LPG operation com- 
pared to the other fuels, particularly in the East 
where the differential is less than in the other 
sections of the country. 


7. Any system under pressure with highly volatile 
fuel is basically less safe than gasoline. Some local 
authorities have prohibited the storage, transporta- 
tion, and use of LPG. With approved equipment 
and extra installation features and with additional 
care in use and servicing, the safety record probably 
could be as good as gasoline. 
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point (31 F) and a lower vapor pressure than pro- 
pane. This difference is not of great importance in 
the case of automotive equipment, in which suffi- 
cient heat is available to vaporize the LPG before 
its passage to the carburetor. But in household 
heating and other installations, such external heat 
may not be available, and the LPG must vaporize 
readily and completely in the fuel tank under the 
conditions of external storage. 

Therefore, the milder climates—as in California— 
will permit greater percentages of butane in LPG 
blends than the colder sections of the country. In 
California it is possible that relatively more butane 
may be available for LPG use because of the lower 
Reid vapor pressure of gasoline permissible for free- 
dom from vapor lock. Thus, LPG blends in Cali- 
fornia may consist of as much as 70% butane and 
30% propane. On the other hand, in the north- 
eastern section of the country with its colder tem- 
peratures and with other means of disposing of the 
butanes, LPG in most cases is commercial propane. 

Where refinery processing is the source of com- 
mercial propane, as in the Northeast, the product 
generally contains appreciable quantities of pro- 
pylene, one analysis showing approximately equal 
percentages of almost 50% each of propylene and 
propane with small amounts of ethane, ethylene, 
butane, and butylene. The vapor pressure of the 
commercial propane shown in Table 1 is somewhat 
higher than the pure propane due to the presence 
of small amounts of the more volatile ethane and 
ethylene. 

The potential availability of LPG is much greater 
than present sales. A potential of 250 to 350 million 
barrels per year or 10-15 billion gallons per year 
from natural gas and cycling plant production is 
estimated. In comparison, approximate sales of 3 
billion gallons are forecast for 1950. An additional 
large volume of LPG is potentially available from 
refineries, which are estimated to have supplied 1 
billion of the 3 billion gallons sold in 1949. A very 
large proportion of the refinery production is now 
applied to other uses, including motor fuel produc- 
tion as a major item. 

Other factors besides abundance affect the market 
position and acceptance of a raw material. Cost 
of transportation is a key item, as has been the 
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First of a Series 


The accompanying abridgment of Mr. Raymond's 
paper is the first in a series of five digests, which 
SAE Journal wil! carry in consecutive issues, on the 
subject of liquefied petroleum gas as a motor fuel. 


As one of the papers to be digested points out, 
LPG as a direct motor fuel could go a long way in 
cushioning the essential civilian economy against 
the impact of military requirements for aviation 
and other gasolines in wartime. Besides, finding 
uses for LPG is important to the conservation of 
our natural resources—the petroleum industry is 
likely soon to find itself with a gallon of LPG for 
every gallon of gasoline in its petroleum reserves. 





Authors of papers which will be digested in this 
series are, besides Mr. Raymond, R. C. Alden, F. E. 
Selim, M. J. Samuelson, and A. J. St. George. 











case in a number of large-volume industries. 
Thus, the Baltimore-Philadelphia-New York har- 
bor area handles an estimated 400,000,000 gal 
(10,000,000 bbl approximately) of LPG per year, 
although the automotive demand for this product 
on the East Coast is virtually non-existent, price 
undoubtedly being a deterrent. Of the 400,000,000 
gal, about one half is supplied by refineries, the re- 
mainder coming in by tank car and one pressure 
tanker. 

The largest use of LPG in internal-combustion 
engines is in the state of California where, it has 
been estimated, 2,000 trucks and 20,000 units of farm 
and highway construction equipment use one third 
of the total LPG consumed in the United States by 
internal-combustion engines. A number of petro- 
leum companies on the West Coast, including Gen- 
eral Petroleum, have tried to promote the use of 
LPG in automotive equipment for the past 15 years 
with indifferent success. Erratic changes in supply 
and demand and price undoubtedly have affected 
LPG acceptance, the change in price from 4¢ to 8¢ 
per gal about two years ago apparently causing a 
serious set-back. In addition, the entry of higher 
powered diesel engines has also had its effect on 
interest in LPG as a motor fuel. 

One supplier estimates that the consumer will 
have to be able to buy propane for three quarters 
the price of gasoline to break even with gasoline. 
Since price is the major factor affecting the attrac- 
tiveness of LPG in any area, the decision of any 
operator considering change to LPG-powered equip- 
ment undoubtedly would be influenced to a consider- 
able extent by the stability of the price differential 
between gasoline and propane. 

The stability of the price structure will vary with 
different sections of the country, those areas within 
easy reach of the producing fields undoubtedly be- 
ing assured of a low and more stable price than the 
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Table 1—Principal Properties of Propane and Butane 


cI s 
{-5) oa E o = 
¢ § 82 && 
= a Be &s 
Ay Ss OA OM 
Boiling Point, F at 
760 mm Hg 44 +31 -51a +15 
Freezing Point, F at 
760 mm Hg ~306 217 
Specific Gravity, 
liquid 60/60 0.5077 0.5844 0.509 0.582 
Specific Gravity of 
Gas, 60 F at 760 
mm Hg 1.5222 2.0065 1.52 2.01 
Weight, lb per gal 4.223 4.863 4.24 4.84 
Btu per lb, gross 21,490 21,134 21,560" 21,180" 
Btu per gal, gross 90,752 102,774 91,500" 102,600” 


Air required for 
combustion, lb air 


per lb fuel 15.65 15.43 15.58 15.3 

cu ft air per cu ft 

fuel 23.82 30.97 23.4 30.0 
Flammability 

limits, vol. % in 

air mixture 2.37-9.50 1.86-841 2496 1.9-8.6 
Vapor Pressure, psig, 

@ 60F 92 12 

@ 100F 174 37 192 59 

@ 130F 286 97 
Octane Number, 

Motor 100 92 
Octane Number, 

Research 100+ 95 


* Initial boiling point 
» After vaporization 





more remote industrial areas. As an example, in the 
Southwest and Middle West states surrounding the 
producing areas, LPG is expected to make consider- 
able inroads in the farm tractor field. A number 
of LPG suppliers are promoting LPG application in 
this field, including some of the companies which 
are in undersupply on the East Coast. It has been 
estimated by one company that 30,000 tractors will 
be converted to LPG this year. Since this is a 
summertime demand, it will be valuable in helping 
level off the LPG industry’s sales curve, hence its 
importance. Many of the farms in question use 
bottled gas for heating and other purposes, so the 
change to LPG may be somewhat easier than in 
other conversions. 

Within the past 20 years, high-pressure tank cars 
and tank trucks have been developed to replace the 
20-300 lb “bottled gas” cylinders for transportation 
of LPG. Bulk shipments now are made in 8000- 
12,000 gal tank cars and 3000-8000 gal tank trucks 
from the producing area or refinery to the bulk 
plants, at which points storage tanks with maximum 
capacity of 30,000 gal are used. While a greater part 
of the transportation is by tank car and tank truck, 
one company is using a 35,000 bbl (1,470,000 gal) 
capacity tanker which is a converted Type CIA dry 
cargo ship containing 80 high-pressure cylindrical 
tanks designed specifically to transport LPG. This 
tanker is said to be making two trips per month 
from the Gulf Coast to the New York area. 

The same company has a bulk terminal of 2,500,000 
gal capacity in the New York harbor area. Although 
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there has been some talk of moving LPG by pipe 
line, particularly in the Mid-West where larg 
amounts of butanes are transported in this manne 
for motor fuel blending, little propane is being s: 
moved due to lack of propane storage facilities anc 
to the overloaded condition of the pipelines. 

(Chief source of safety regulations for handlin: 
LPG is Pamphlet 58 of the National Board of Fir: 
Underwriters.) 

Transfer of LPG from a tank car or tank truck t 
a storage tank is made by one of several methods 
all involving a closed system of pressure: (1) liquid 
pump, (2) vapor compressor, (3) air or gas pressure. 
(4) gravity. (See Figs. 1 and 2.) 

Operators’ storage facilities can be either above 
or below ground. Above-ground storage is pre- 
ferred to underground because of lessened externa] 
corrosion, reduced cost, and ease of inspection. 
Vapor lock can also be a big problem in underground 
storage unless there is a gravity feed to the liquid 
pump. 

The dispensing equipment to fuel the tank on the 
vehicle consists in substance of a liquid pump, a 
meter, a special dispensing nozzle, and a vapor line 
connection. Pumps of up to 20 gal per min capacity 
are available, the pump building up a differential 
pressure according to the setting of the differential 
valve, which may be as high as 30 lb. 

The LPG vehicle tank, where it is used in a motor 
fuel application, is specified in NBFU Pamphlet 58 
as having a minimum design working pressure of 
250 psi for gases with vapor pressure between 175 
and 200 psig at 100 F. The tanks or containers must 
be located in such a manner as to minimize the pos- 
sibility of mechanical injury. The clearance must 
never be less than the minimum road clearance 
under maximum load, and fastenings must be de- 
signed with a factor of safety of four. The tank 
must be equipped with proper valves and connec- 
tions, having a rated working pressure of 250 psig 
minimum and the piping from the tank to the first 
stage regulator must be nonferrous. The maximum 
size of a single vehicle tank is 300 gal water capacity. 
The fuel tank has to be cylindrical and will be at 
least 20% larger than the gasoline tank to achieve 
the same cruising range, due to the outage, or vapor 
space, volume. It may be a little difficult to accom- 
modate a tank of the required dimensions in some 
conversions. 

One tank which has been very strongly recom- 
mended for automotive use is shown in Fig. 3. It 
allows 23% for outage, the governing code in Cali- 
fornia specifying a minimum of 16.6% and Pam- 
phlet 58, 20.2%. This type of tank is actually two 
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Fig. 1—Liquid pump transfer system 
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inks in one, consisting of an inner vapor tank and 
surrounding liquid tank. It is considered by some 

s a “must” for automotive applications since it 

irtually eliminates all possibility of the dangers of 
. liquid-full tank. The manufacturer has developed 
. very ingenious safety hose nozzle and tank filler 
‘alve which, acting together, shut off the outage or 
vapor tank during filling. The filling operation is 
said to be rapid and simple, the hose nozzle being 
slipped over the tank valve spud and turned 90 deg 
to engage the lugs. Pulling the handle down then 
actuates all valves, and the liquid tank is filled while 
the vapor compartment is shut off. When the hose 
nozzle and filler connection are disengaged, the 
outage tank is opened to the main tank. 

The heart of the propane or LPG fuel system is 
the converter and carburetor. The converter is a 
combination pressure regulator and vaporizer, two- 
stage pressure reduction being used in many cases, 
with a jacket water-heated exchanger as a fuel 
vaporizer between the two stages. No fuel pump is 
required because of the positive tank pressure. The 
gas carburetor differs from the gasoline unit in that 
the propane is supplied as a gas or vapor, mixing 
with the air taking place in the gas phase. 

A cold manifold is recommended to improve 
volumetric efficiency and because no need exists 
for vaporization of liquid fuel in the manifold. A 
higher compression ratio engine is permissible be- 
cause of the high octane number (above 100) of 
propane and is also desirable as a means of com- 
pensating for the lower heat content or energy per 
gallon of propane compared to gasoline. It has been 
said that the use of propane in automotive applica- 
tions would not be practical without the high octane 
number and the engine equipped to utilize the high 
antiknock quality. Cold spark plugs are desirable 
for longer plug life and better overall performance 
and are feasible because of the nature of the fuel 
compared to gasoline. 

Theoretically, the heat values of chemically 
correct air-fuel mixtures of propane, butane, and 
gasoline respectively in a gaseous state at atmos- 
pheric pressure and temperature are essentially the 
same. Therefore, at a given compression ratio, dis- 
regarding all other factors, the same output from 
the three fuels would be expected. 

However, since gasoline enters the engine induc- 
tion system as a liquid, its vaporization after mixing 
with the air results in a drop in the temperature of 
the air-fuel mixture of approximately 50 F. Since 
propane is vaporized before admixture with air, this 
drop in temperature does not occur. In addition, the 
propane gas tends to displace some of the air in the 
manifold. The overall effect is a loss in volumetric 
efficiency and power output which may amount to 
5%. 

The replacement of the standard gasoline mani- 
fold and its hot spot with a cold manifold, protected 
from heat transmission from the exhaust manifold, 
will recover a considerable part of the loss in volu- 
metric efficiency. In some engines, such as the 
Fageol and Hall-Scott in which the intake and 
exhaust manifolds are on opposite sides of the block, 
volumetric efficiency has been said to be slightly 
greater with propane. It is probable also that the 
better distribution of propane compared to gasoline 
and the more uniform air-fuel mixtures reaching 
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Fig. 2—Vapor compressor transfer system 
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Fig. 3—Parkhill-Wade safety fuel tank in cross-section 





each cylinder would tend to improve the power out- 
put. 

Propane and butane, with their higher octane 
numbers than current regular grade gasoline, make 
knock-free operation at higher compression ratios 
possible, with resultant increase in power output. 

Change in compression ratio can be accomplished 
by either change in cylinder head or pistons. In 
some cases, the increased power output and torque 
is greater than the capacity of the transmission 
system to the rear wheels. One manufacturer in- 
tends to retain the economy advantages of the 
higher compression ratio but to reduce the displace- 
ment in order to stay within the torque limits of the 
warranties on the drive line units. 

Of course, not all engines are inherently capable 
of being changed to higher compression ratios. 

In cases where compression ratio is raised, an 
extra load is placed on the ignition system due to 
the higher compression pressures and other factors. 
Based on our own experience with engines of up to 
12: 1 compression ratio, 12-volt systems generally 
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used in bus equipment are considered necessary to 


avoid misfiring at the higher loads. In addition, 
preignition due to hot electrodes becomes more of a 
problem at the higher compression pressures and 
temperatures, and the coldest possible plug is de- 
Sirable. This is practicable with propane since spark 
plug fouling is reduced due to a minimum of fuel 
deposits. In one application of a modified engine in 
commercial service, special heavy-duty plugs in- 
cluding the use of platinum electrodes were found 
helpful at the higner ratio. A number OI spark plug 
manufacturers have been cooperating in solution of 
the ignition problems associated with the higher 
compression ratios. 

With regard to spark timing, although the basic 
flame velocity under laminar flow conditions for 
propane should not differ greatly from that of 
gasoline, it has been stated that velocity of burning 
in the engine is somewhat slower and the engine 
manufacturers have found that a somewhat greater 
spark advance of as much as 5-10 deg. is preferred. 
This apparently is at variance with some foreign 
experience in which the difference in maximum 
power timing was relatively slight and in the reverse 
direction. 

The basic factor involved in comparisons of 
specific fuel economy of propane and other fuelg is 
the heat or energy content. Propane has a slightly 
higher Btu content per pound than gasoline and 
diesel fuel. However, propane weighs only 4.24 lb 
per gal compared to 6.15 lb per gal for 60 deg API 
gasoline and 7.0 pounds per gallon for 37 deg API 
diesel fuel. In terms of gross Btu per gallon, the 
values are: propane, 91,500; gasoline, 125,000; diesel 
fuel, 137,000. 

Higher compression, with its better thermal effi- 
ciency, is a necessary means of recovering some of 
the difference of 27% in energy between a gallon of 
propane and a gallon of gasoline. The theoretical 
gain, based on air standard efficiencies, in going 
from 7:1 to 10: 1 compression ratio with gasoline 
is approximately 10%. However, additional gains in 
everyday operation can result from the more uni- 
form distribution of the propane-air mixture, from 
the absence of an accelerating pump in the fuel 
system, and from the more complete combustion of 
propane, particularly during cold operation and 
warm-up, so that the mileage per gallon with pro- 
pane has been estimated to be within 10% of that of 
gasoline. 

Actual mileage experience in the field varies 
greatly from operation to operation, and direct 
comparisons of propane and gasoline mileage are 
practically nonexistent. One local company operat- 
ing a number of LPG truck conversions has shown 
consumption figures based on reasonably long mile- 
ages of 4.4 mpg for gasoline at 5.0-5.75 compression 
ratio compared to 3.5 mpg for propane at 7.0-7.5 
compression ratio. Another operator, who has re- 
cently converted a commercial gasoline engine to 
9 : 1 compression ratio for propane reports 4.9 mpg 
on propane and 4.6 mpg on gasoline at the lower 
ratio. 

In one California bus operation, a consumption of 
2.66 mpg on propane and 4.07 mpg on gasoline is 
reported. In another California operation involving 
truck equipment, the consumption of propane and 
gasoline is reported to be the same at 3% mpg. 
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No details of the engine characteristics in these 
latter operations are available to us. A bus operator 
in South Dakota, who is also an LPG distributor, 
reported at the American Transit Association 
Omaha Conference in April, 1950 that, using sub- 
stantially higher compression ratios on equipment 
converted to LPG use in 1947, the mileage was ap- 
proximately the same as with gasoline. Another 
company which had operated over 100 buses on LPG 
in Spokane, Washington also reported approximately 
the same mileage for LPG as for gasoline. Twin 
Coach has reported slightly better mileage on its 
nominal 10:1 compression ratio LPG demonstra- 
tion coach than on lower compression ratio gasoline 
coaches in relatively short tests in Chicago and 
Omaha. 

These data are scanty and inconclusive and un- 
doubtedly reflect differences in particular engines 
and operations, in the efficiency of the carburetion 
systems used, in the quality of the maintenance, and 
in the availability of proper test instruments for 
making correct adjustments. Opinions on LPG 
consumption compared to gasoline vary greatly, but 
if one wished to hazard an overall guess of fuel 
economy, a mileage for LPG ranging from 15% 
less than to approximately the same as gasoline 
might be estimated, with perhaps a somewhat 
greater burden on the new user to maintain the un- 
familiar LPG equipment in good order. It should be 
borne in mind in such comparisons of economy that 
as gasoline antiknock quality improves and the com- 
pression ratio of gasoline engines increases, the pro- 
portionate gain in thermal efficiency with higher 
compression ratio will be less. 

The maintenance comparison, like the fuel 
economy story, is also uncertain, being rendered 
more confusing by the greater complexity involved 
in maintenance operations and analysis, and the 
lesser accuracy of maintenance costs. The more 
volatile LPG is inherently a cleaner burning fuel 
than gasoline, leaving little in the way of residue in 
the engine and contributing practically nothing to 
engine deposits. Therefore, engine difficulties asso- 
ciated with fuel deposits would be expected to be 
very much reduced and longer time between over- 
hauls should be anticipated. In addition to freedom 
from fuel-formed deposits, dilution of the crank- 
case oil will be eliminated, and reduced wear due 
to absence of the washing action of gasoline during 
starting has been claimed. The overall result is said 
to be an increase in overall time of 50-200%. The 
elimination of dilution has been reported to allow 
substantially increased oil drain periods. In addi- 
tion, the volatile LPG should largely eliminate smoke 
and odor under conditions of proper engine opera- 
tion. However, exhaust gas carbon monoxide con- 
tents similar to gasoline engines have been reported. 

While conversion equipment for LPG operation 
varies considerably in price depending on the manu- 
facturer and the completeness of the conversion, 
the current approximate cost of converting Fageol 
and ACF-Brill engines has been given as $350-$500. 
In the case of Fageol, this applies specifically to 
post-war units and includes higher-compression- 
ratio engine parts, high-pressure tank, converter, 
carburetor, and fittings. In the case of a new en- 
gine, the difference in cost between gasoline and 
LPG equipment is approximately $350. 
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Another cost item is the storage, dispensing, and 

entilating equipment required with LPG. De- 
ending on the size of the tankage and the dis- 
ensing and ventilating equipment, the cost of the 
acilities required has been estimated at from $0.60 
o $1.00 per gal installed, in tank capacities varying 
rrom 6,000 to 30,000 gal. This assumes outdoor fuel 
torage and fueling facilities and exhaust fans and 
iccessory equipment, including automatic alarms, 
for ventilating the garage in which the vehicles are 
stored. Since approximately 20% must be allowed 
for tank outage or vapor space, if 5000 gal liquid 
storage capacity is desired, a tank of 6000 gal 
volume will be required. Such a 5000 gal LPG ca- 
pacity tank with the associated facilities will cost 
from $3600 to $6000. 

One East Coast refiner, who currently has no LPG 
available for automotive use, has indicated that 
delivery, if LPG were available, could be made on the 
same frequency schedules as gasoline. However, the 
LPG suppliers in general, including those companies 
which are promoting the automotive use of LPG in 
the East and Midwest recommend a minimum of 
10 days’ storage capacity and up to 25 days if pos- 
sible, particularly where refinery supply of LPG is 
relied upon, since refiners generally do not have over 
two days’ storage capacity of LPG and a shutdown 
of a major cracking unit would reduce or cut off the 
supply. Thus, an operator with a fleet of 50 buses 
who uses 2000 gal per day of gasoline and now has 
5000 gal gasoline storage capacity would require a 
minimum of 20,000 gal liquid LPG capacity plus 
20% for outage, or 24,000 gal tank capacity. The 
cost of such facilities would be $15,000 to $24,000. 
If the fuel economy with LPG does not equal that of 
the gasoline-powered equipment, the capacity 
should be correspondingly higher. One LPG sup- 
plier is prepared to furnish this equipment under 
liberal lease terms and has estimated that for an 
operator using a minimum of 15,000 gal per month 
per installation, the delivery and storage charge 
exclusive of the ventilation facilities will be 1l¢ per 
gal. The same supplier points out that due to the 
more expensive storage and handling equipment, 
the use of LPG is not economical unless rather large 
quantities can be handled in each installation. 

The factor of greatest concern in the cost analysis 
is the fuel cost. There has been some misunder- 
standing of relative gasoline and LPG prices which 
requires clarification. In almost all cases, the pric- 
ing system for LPG differs from that of gasoline. 
The price of gasoline is generally quoted as a tank 
wagon price on the fuel delivered to the operator, 
whereas the price of LPG generally is based on tank 
car F.O.B. the refinery gate. Since the delivery 
costs for LPG are higher than those for gasoline, 
the differential in quoted prices for gasoline and 
LPG must be corrected for the difference in delivery 
and service cost, which will range roughly from 
1 to 2¢ per gal. 

The delivered price of LPG varies greatly over the 
country, being a minimum in the Southwest in the 
area of the producing fields and major sources of 
supply, and a maximum in the highly industrialized 
Northeast section of the United States due to the 
cost of transportation. 

In the Southwest section of the country, LPG is 
available at 1144 to 4¢ per gal in tank car F.OB. 
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supplier’s gate, the current average differential be- 
tween gasoline and LPG at the refinery being 7¢ 
per gal. This is due currently to a very sharp drop in 
the price of LPG several months ago. Before, the 
differential in price was 3 to 4¢ per gal. 

In the Chicago area, a recent news release indi- 
cates that propane will be supplied to a large bus 
operation for which 500 propane-powered buses have 
been ordered, for 8 to 9¢ per gal for the next two 
years. Prices for subsequent years are to be based 
on wholesale prices at the refinery. 

For the Northeast, since the cost of transporting 
LPG by tank car from the Southwest to the New 
York-Philadelphia area is the same as other liquid 
products and averages 6 to 7¢ per gal a good esti- 
mate of the cost for LPG from the Southwest in that 
area is 94o¢ per gal F.O.B. the local refinery. This 
price could be reduced somewhat through taker 
or pipeline transportation although the amount of 
the reduction, due to the extra handling required, 
might not be large. The current quotation of pro- 
pane from refinery sources in the Northeast is be- 
low that estimated for LPG transported by tank car 
from the Southwest. The estimated differential in 
delivered price to the customer between propane, 
where available, and gasoline is approximately 3 to 
4¢ per gal. Since propane in many states is taxed 
as a motor fuel in the same manner as gasoline, 
including the Federal tax of 112¢ per gal, the total 
differential in price to the operator between gasoline 
and propane is the difference in delivered prices 
before taxes. 

The stability of any price differential is of major 
importance to the operator. One supplier of re- 
finery propane in the Northeast has expressed the 
opinion that the ultimate differential in price be- 
tween propane and gasoline in that area will be small 
and should not be counted on as a principal basis 
for conversion of automotive equipment. Another 
major supplier in the East and Midwest, however, 
has been discussing supplying propane on a long 
term (three-year) contract basis at a more or less 
fixed differential in price from gasoline, this differ- 
ential varying in the different sections of the coun- 
try. This arrangement will differ with each sup- 
plier, some suppliers being unwilling to quote prices 
on differentials from other products except on a 
short term basis. 

The availability of LPG varies with each area and 
each company. Thus, while propane is plentiful in 
the Southwest, the situation in the case of a number 
of Eastern refineries is that there is no excess of 
LPG for automotive use, the supply being committed 
to the more profitable industrial, utility, and bottled 
gas markets. In some cases, LPG is imported from 
the Southwest to augment the supply to the Eastern 
market. It should be mentioned that in most in- 
stances, the availability of LPG or propane is largely 
a matter of price, and recovery and availability of 
propane by refineries can be increased considerably 
if the price is sufficient to encourage such action. 
However, any such increases in price would obvi- 
ously reduce the differential from gasoline and make 
the product less attractive to the operator. 

(Paper on which this abridgment is based is avail- 
able in full in multilithographed form from SAE 
Special Publications Department. Price: 25¢ to 
members; 50¢ to nonmembers.) 
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LL bus design is necessarily a matter of com- 
A promise. A bus designed with only accessibility 
in mind would be a monstrosity in appearance, in- 
convenient and uncomfortable for passengers, and 
excessive in cost. 

But the maintenance man feels that the manu- 
facturer sometimes seems completely to overlook 
the fact that the bus unit or part that he installs 
only once in building the bus may have to be re- 
moved and reinstalled many times during the ve- 
hicle’s life. 

Proper accessibility, in other words, is more a 
matter of detail design than of major overall lay- 
out. (Satisfactory accessibility, for instance, can 
and has been achieved with each of the various 
powerplant locations which appear in current bus 
designs.) 

Enumeration of the more offensive items of in- 
accessibility point up this importance of details. 
Listed in the order of frequency of servicing, they 
may be grouped as follows: 

1. Accessibility for night service operations; 

2. Accessibility for scheduled inspection, testing, 
and adjustment work; 

3. Accessibility for removal of complete units; 

4. Accessibility within major units themselves. 

The items of accessibility which most concern bus 
maintenance men can well be discussed under those 
four headings. 


Nightly Service Operations 


There is much to be desired on most buses for ac- 
cessibility in nightly servicing. 

The oil dip stick, for example, must be removed 
and reinserted every night—or 3650 times during a 
ten-year bus life—yet, with some buses, a flashlight, 
a periscope, and perhaps a funnel, are needed to get 
the dip stick into the hole. Others have the dip 
stick so close to the exhaust manifold that the 
service man is easily burned. ...And the dip 
Stick itself could be improved by having a special 
surface to show the oil level at a quick glance. 

Fuel, oil, torque converter fluid, and water fillers 
should be located in the same general area of the 
vehicle. At least, they should be on one end or 
one side of a given vehicle. Since most makes use 
the right side location, the left side should be out- 
lawed to eliminate the necessity of duplicate servic- 
ing facilities on each side of the servicing lane. 
This will also eliminate time consuming and 
hazardous shifting of employes from one side of the 


service line to the other when servicing a mixed 
fleet. 
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Improve Bus 


All filler caps should be hinged and self-closing. 
Where small access doors must be used, they should 
be self-closing also, and require no latches. Where 
large access doors are required as with rear engine 
buses, these should have quick operating hand 
latches, and not require any type of tool or Key to 
open. 

Stretching the meaning of accessibility a little, 
the bus fuel tank should be more accessible to the 
fuel in the nozzle. To cut down on filling time, the 
tank should be designed to take at least 40 gal per 
min instead of the limit some have of only 15 or 20. 

A sight gage or other quick means should be pro- 
vided for checking the water level, particularly for 
the sake of those who use anti-freeze in their buses. 

Air tank drains need the designers’ attention. 
Draining two or three different air tanks with 
hard-to-reach valves is slow and messy at best. 
Not only is unnecessary time consumed, but the 
operation is often either neglected or only the most 
conveniently located tank is drained. If a Satis- 
factory automatic drain valve can’t be furnished, 
at least a handle should be conveniently located at 
the side of the bus for gang operation of all drains. 

Although not ordinarily thought of as mainte- 
nance, cleaning is a very big item in the bus garage 
budget. To facilitate cleaning and sweeping, seats 
should be supported by a single pedestal at one end 
and by the wall at the other end, instead of having 
four legs, as many do. Foot rails, if required, 
should be high enough to give broom clearance. 
The lower end of stanchions should be attached to 
seat frames or wheelhouses and never to the floor. 
All corners of the floor and stepwells should be 
modified with rounded coves having a generous 
radius. 

Since most buses have their exteriors cleaned by 
automatic washing machines, consideration should 
be given in body design to making all of the side 
area of the body accessible to the automatic 





In this article, a leading bus fleet operator de- 
tails the items of accessibility currently of most 
concern to bus maintenance men. 


He -bases his comments, not only on his own 
experience, but on information gathered in a sur- 
vey from typical bus operating companies located 
from coast to coast. The 30 companies which 
supplied data to Whitfield include operations of 
all sizes, using all of the various makes of buses. 
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brushes. This means eliminating excessive offsets 
of doors and windows, and keeping projections such 
as marker lights at a minimum. Otherwise, un- 
necessary labor cost is required for hand scrubbing 
the areas missed by the rotating brushes. 

The trend toward reducing the wage spread be- 
tween skilled and unskilled workers makes the cost 
of unskilled operations such as servicing and clean- 
ing represent a much higher percentage of total 
cost than before. For this reason, improvements 
in accessibility for nightly servicing and other un- 
skilled operations assume a greater importance. 


Inspection and Minor Repairs 


This is the type of work most generally thought 
of in connection with accessibility. 

Scheduled preventive maintenance systems of a 
highly developed type are in general use by bus 
companies. By spending more man-hours to keep 
adjustments right and parts clean and lubricated, 
road failures and major repairs are reduced and the 
life of parts is extended. With such a large portion 
of labor spent on inspection and adjustment under 
this system, the bus designer should give more at- 
tention to making his vehicle readily accessible for 
inspection work—so as to reduce the man-hours 
required for such servicing. And, there is the even 
more serious aspect of inspection or adjustment 
being inaccurately done, or neglected entirely on 
units that are not sufficiently accessible. 

Operators report almost every component of the 
vehicle as being relatively inaccessible for inspec- 
tion on one or another of the various makes or 
models of buses. It would be tiresome and useless 
to mention them all, so only a few typical examples 
will be named. 

Of all things, the spark plugs are very inaccessible 
on two leading makes of postwar buses. Criticism 
by the operators was very strong on this point— 
and justly so. 

On one current model bus, the distributor points 
can be seen only with a mirror. On another, the 
distributor timing must be set through a hole from 
inside the bus, while the flywheel marks used for 
timing can be seen only from a pit underneath the 
bus. Complaints are pretty general about the need 
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of plainer, easier-seen marks for timing. 

Cylinder head bolts can’t be tightened on one bus 
without removing the valve rocker arms, and on 
another model the manifolds must be removed be- 
fore tightening the cylinder head bolts. 

The belts for the generator and compressor on 
one new model bus can be replaced only by first 
removing the entire fan accessory shaft. Belt ad- 
justment, a frequent operation, should obviously be 
as simple and speedy as possible. Yet one builder 
goes to needless expense to furnish a complicated 
split-pulley type of adjustment that is slow and 
tedious to adjust, when a simple idler pulley would 
have done a better job. 

One company had to send its whole group of new 
buses through its body shop to get an access door 
put in the body floor to permit adjusting a small 
but otherwise inaccessible switch. 

The door engine mechanism of one manufac- 
turer’s bus can be inspected only after removing 23 
body panel machine screws! Obviously, all equip- 
ment of this type should be provided with access 
doors, and all such access doors should have hand- 
operated latches to speed the job, and also to pre- 
vent marring body panels with screw driver 
scratches. 

Oil bath air cleaners, if not properly serviced, will 
allow the engine to be worn out in short order be- 
cause of the dust problem with rear or under-floor 
engine locations. Yet one new model bus has a 
cleaner that is so inaccessible its servicing is often 
skipped by mechanics. 

The item that caused more criticism than any 
other is the windshield wiper. It frequently gives 
trouble, yet many manufacturers hide it in between 
the front paneling in such a way that getting to it 
is almost a major body job. 

Next, most frequently criticized is the fuse panel 
—both its inaccessible location and lack of identifi- 
cation as to which fuse is for what. Since fuse or 
circuit breaker panels not only are used in checking 
electrical troubles in the shop but also are often in- 
volved in road service calls, they should be conven- 
iently located and the circuits plainly marked. 
On a bus model built by a major manufacturer, it 
is necessary to dismantle the dash panel to get to 
the fuses properly. On another model, groups of 
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fuses were located in three different places on the 
vehicle. 

Electrical wiring on the bus, which has become 
so complex that it reminds one of a telephone ex- 


change, brings many complaints. All wires should 
be permanently identified with tags, and the actual 
wiring and coding should follow the wiring diagram. 
Surprisingly enough, buses of the same make and 
model have been found to vary from each other, 
and all differ from the official diagram! 

Brake slack adjusters require frequent adjust- 
ment in city bus service, and they received their 
share of complaints—not only as to location but 
also because of the difficulty of making the new 
complicated type of locking devices work properly. 

There are a number of complaints on oil screens 
being difficult to remove for cleaning. In one de- 
sign, the oil pump itself has to be taken out before 
the sump strainer can be removed. On a number 
of makes, no access plate is provided at all for 
cleaning the oil strainer, necessitating removal of 
the whole oil pan for what should be quick opera- 
tion. 

On at least three different recent buses, no access 
doors or other provision is made for servicing the 
blowers used for heating or ventilation. To lubri- 
cate, inspect, or make minor repairs to these heater 
motors, it is necessary to remove large sections of 
ducts or body paneling. This is a time-consuming, 
expensive operation, and mars the interior finish 
of the venicle. 

Each lube fitting must be greased 300 or 400 times 
during the life of a bus. Hence, those that are hard 
to get to cause many wasted hours. Far more seri- 
ous is the fact that such fittings are passed up by 
some greasers, either because of the difficulty in- 
volved or because the fitting is not sufficiently visi- 
ble. This can prove most expensive. 

Sometimes the accessibility of such an obvious 
and important unit as the carburetor is overlooked. 
Of a recently purchased fleet, one operator says: 
“The carburetor and connecting linkage and lines 
to the governor are so located between the engine 
and the bulkhead that it is necessary for the me- 
chanic to worm himself over the transmission and 
in back of the engine to work on them. Obviously 
this means waiting until the engine is cooled down, 
and is a very hot and dirty job even then.” 


Removability of Complete Units 


It has long been the practice to do a large part 
of bus repair work at the bench instead of on the 
bus. When a part fails, the entire unit is removed 
and replaced with a complete rebuilt unit, and the 
vehicle is quickly returned to service. Often the 
various units are replaced before actual failure, on 
a mileage basis determined from actual records of 
local operating experience. 

The unit change system has many advantages, 
including faster and better workmanship that re- 
sults from having it done by a specialist under ideal 
working conditions in a unit overhaul shop properly 
equipped with special tools. It also permits using 
less expensive labor for the relatively unskilled job 
of changing the units on the vehicle. Further, it 
keeps the bus in the shop the least possible time. 

During the life of a city bus, all of its units are 
changed many times, depending on the severity of 
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the service and the durability built into the unit 
A carburetor for example, if changed on a 15,00 
mile-basis would be removed and replaced 25 or 3: 
times during the life of the average city bus. 

Such a unit may be accessible for inspection, bu 
difficult to remove because of such things as in 
sufficient wrench clearance, or being blocked by, 
other parts when lifting out, or by poorly arrangec 
piping or wiring connections. Hence, the desig: 
engineer should consider each part from the stand 
point of both inspection and removal. 

Each design should make necessary provision to 
insure the correct placement of any unit which re- 
quires mounting in a certain relative position with 
other parts. For example, many hours of labor are 
lost when it is found, after installing an engine, 
that the flywheel is bolted to the crankshaft in the 
wrong position, making the timing marks useless. 

Another example is ignition distributors. The 
distributor shaft should have a coupling so indexed 
that the unit can be installed only in the position 
for proper timing. If the distributor can be re- 
moved only together with its driving gear, the ex- 
pensive services of a skilled mechanic are required 
to get the timing correct. The same applies to in- 
jector pumps. 

In this same connection, it would surprise all of 
us if we really knew how many batteries and how 
many a-c type generators were damaged by the 
battery being installed backward. The American 
Transit Association has recommended a standard 
of different size positive and negative terminal con- 
nections which would prevent this. It should be 
generally adopted. All wiring can’t be provided 
with different size terminals to prevent wrong con- 
nections, but proper identification of wires will 
speed up changing of units and prevent mistakes 
as well. 

Numerous instances involve unreasonable diffi- 
culty in removing units on various models of buses. 
I will mention only a few more representative cases. 

Aside from windshield wipers and heater blowers 
being sealed up in body paneling, as mentioned, the 
most general complaint is on radiators. Too many 
other parts must be removed first, such as body 
panels, shutters, shutter thermostats, shrouds, fans, 
and even entire accessory drives. Difficult as radi- 
ators are to remove, on one make bus it is necessary 
to remove its radiator completely simply to replace 
the fan! 

Some engines can’t be removed without first 
taking off the cylinder head, while others require 
first removing frame members, radiators, or body 
panels. 

On some buses, the air compressor head cannot 
be removed without taking out the entire com- 
pressor. Since it is general practice to unit-change 
the head about twice as frequently as the com- 
pressor itself, much time is wasted by this over- 
sight in design. 

To remove the generator on one bus necessitates 
first removing the air compressor, and, on another 
bus, the storage battery. The d-c type generator 
has grown so big and heavy that it is a hazardous 
thing to handle in removing. Its round shape fur- 
ther adds to its unwieldiness. This situation could 
be helped by making provision on it for attaching 
a sling or a handle for gripping it during removal. 
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One more item worth mention is the split-type 
rear-axle housing. Many more man-hours are re- 
juired for unit changing the differential assembly 


with this design than with the banjo type. For this 
reason alone it is unpopular, aside from weaknesses 
such as difficulty in keeping it tightly bolted to- 
gether. 


Units after Removal 


There are practically no complaints from transit 
companies regarding accessibility within the units 
themselves after removal. This fact points up two 
thoughts: 

First, it proves the advantage of the unit change 
system of maintenance. If the unit requiring re- 
pairs can be placed on the work bench or on a stand 
with plenty of room and illumination, and in a 
comfortable position with no hot exhaust pipes or 
dripping dirt and grease to annoy, the most com- 
plicated “innards” can be worked on with com- 
parative ease. 

Second, it shows that the design engineers’ efforts 
toward providing better accessibility can be concen- 
trated on making the units on a bus convenient for 
minor service operations and for removal. He need 
not compromise the design of the units themselves 
to improve their accessibility for overhauling after 
removal, as this does not seem to be a problem in 
bus maintenance. 


Items Related to Accessibility 


One of the pet peeves of the maintenance man 
is the tool box full of screw drivers necessary for 
working on a modern bus. Formerly about four 
sizes of standard screw drivers would take care of 
most work. Now this must be multiplied at least 
three times to care for the addition of the Phillips- 
head type and the clutch-head type of screws now 
in use. As a result, in actual practice, the me- 
chanic never seems to have the right screw driver 
at the right time. So, he ends up ruining the head 
of the screw and perhaps scarring up a body panel 
as well, by attempting to do the job with the wrong 
type or size of screw driver. 

Improvements in screw head designs are cer- 
tainly welcome. But if these changes are really to 
be improvements, the best type should be used 
throughout the bus—not a confused assortment. 
Since most fleets operate more than one make of 
bus, all bus manufacturers should get together on 
one type of screw head if they want to help the 
maintenance man. 

The same complaint applies to the multiplicity 
of types of connections used for hydraulic, gas, oil 
and air tubing. The various manufacturers even 
use different threads for the same size and type of 
connections. 

Then there are tow hitches. Some are located 
on the centerline, some on one side or the other. 
Some have eye connections and some pin connec- 
tions, and the sizes of both vary. When all these 
various combinations are put together in a mixed 
fleet, the tow truck ends up with a sizable load of 
adapters and rigging to accommodate them all. 
The resulting waste of time in pulling in a vehicle 
should be eliminated by standardizing the tow con- 
nections. 
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While these last mentioned things are not items 
of accessibility in the strictest sense, they are items 
of design that make it difficult for the mechanic to 
get repair or inspection work done and in this sense 
they involve accessibility. 


How To Improve 


There is no single cure-all for poor accessibility. 
Of eight bus manufacturers consulted, all of them 
had definite procedures and checks for seeing that 
each new design of vehicles was satisfactory from 
the standpoint of accessibility. Yet new model 
buses are still brought out with various undesirable 
characteristics of accessibility. Undoubtedly a con- 
scientious effort is made by them to avoid such mis- 
takes, but they still occur. 

Theoretically, building a pilot model should elim- 
inate accessibility faults. This certainly helps, but 
it is difficult to foresee and duplicate at the factory 
on a pilot model the conditions and situations that 
will be encountered in actual service in the field. 

It would help a great deal to have the field service 
representatives discuss directly with the design 
engineers the accessibility faults as they are found 
in the field. That would not correct the buses al- 
ready in service, but should prevent the same error 
being made on the next design. 

In view of these practical considerations, it is al- 
most necessary that the matter of accessibility be 
fully taken care of in the original design drawings— 
a most difficult thing to accomplish. It is difficult 
even if the designing engineers were fully cognizant 
of the problems of actual maintenance that are 
involved, and too often they have not had the op- 
portunity of getting actual shop maintenance ex- 
perience that is so essential in this connection. 

Perhaps there is no quick cure for this problem. 
However, a long term solution is to have all men 
employed to do design engineering first spend a 
few years as field service representatives for the 
company. By calling on the shops and actually 
working with the mechanics in this capacity they 
would gain invaluable practical experience on the 
problems of maintenance accessibility as they ac- 
tually exist in the shop. Not only would they learn 
first-hand such things as working space and clear- 
ances required for actual servicing, but they would 
acquire judgment in such matters that can come 
only from practical experience. Above all, they 
will develop an appreciation of the importance of 
the problems so that accessibility will be kept con- 
stantly in mind and properly considered in all their 
design work. 

The maintenance man also can do his share. He 
can offer constructive criticism and suggestions and 
make sure that such comments get to the proper 
people in the manufacturer’s organization. In buy- 
ing new buses, the maintenance man can also sell 
his own management on considering miles per man- 
hour as well as miles per gallon, and on the wise in- 
vestment of paying a little more in first cost if nec- 
essary to purchase vehicles that have the plus value 
of good accessibility. It will pay good dividends. 

(Paper on which this abridgment is based is avail- 
able in full in multilithographed form from SAE 
Special Publications Department. Price: 25¢ to 
members; 50¢ to nonmembers.) 
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Industries Exchange Boron Steel Data Through 


ORON STEELS look like the best 


answer 
problems. 

This fact has been brought home 
again and again at the frequent, well 
attended meetings of SAE’s Iron and 
Steel Technical Committee groups, 
especially ISTC’s Division VIII—Boron 
Steels. Division VIII is serving as a 
clearinghouse for information on use 
of boron additions to steel melts to 
achieve desired hardenability with 
smaller quantities of those alloying 
elements which are in critically short 
supply. 

Division VIII’s work, according to 
one Washington official, has been an 
important factor in putting the auto- 
motive industry at least six months 
ahead on investigation of boron steels. 
He indicated that both the National 
Production Administration and the 
military services are vitally interested 
in all the information turned up by 
the Division. 


ISTC, working cooperatively with the 


yet to alloy conservation 


American Iron and Steel Institute, has 
already approved—and AISI has pub- 
lished compositions for—these boron 
Steels: 


TS86B45 80B25 80B45 81B35 
TS94B17 80B30 80B50 81B40 
TS94B20 80B35 80B55 81B45 
80B20 80B40 80B60 81B50 
Already nine steel producers are 


putting boron steels into production, 
and samples for test are being made 
available as rapidly as possible. 

Several steel consumers have been 
using certain boron steels successfully 
for considerable periods. One Division 
VIII member reported that 50 tons of 
heavy-duty countershaft production 
parts made from 43B17 have been in 
service for five years. The 43B17 was 
used in place of SAE 4820. During 
that time, two parts made from SAE 
4820 failed but none of the 43B17 parts 
failed. 

A large producer of hypoid gears 
has switched entirely to 94B20 and 


94B17 for three sizes of hypoid gear 
ranging from 9 to 15 in. This pro 
ducer has already used more than 4 
production heats of the boron steels. 

Two other manufacturers are usin 
14B35, which is the boron-steel versior 
of SAE 1035, for fairly highly stressec 
bolts. 

An aircraft engine manufacture! 
disclosed at a Division VIII meetin: 
that 43B10 (AMS 6266) is being used in 
production as a substitute for SAF 
9310 (AMS 6260). The boron steel ha: 
been used satisfactorily in highly 
stressed gears, shafts, and couplings 
The 43B10 tends to show greater car- 
bon diffusion and greater decarburiza- 
tion, but machinability is about the 
same as the SAE 9310. 

During World War II, large tonnages 
of boron steels were used for armor 
plate and for tank transmissions. The 
manufacturer who supplied these items 
has had 10 years of experience with 
boron steels. 

Experimental work by 


both pro- 
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Timken Roller Bearing 
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GMC Research Labs 


H. Bornstein 
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Copperweld Steel 


W. E. Day, Jr. 
Mack Mfg. 
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Eaton Mfg. 
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Rotary Electric Steel 
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Electro-Motive Division, GMC 
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Dodge 


E. J. Tompkins 
Central Steel & Wire 


F. F. Vaughn 
Caterpillar 


L. E. Webb 
Clark Equipment 


S. L. Widrig 
Spicer Mfg. 


P. R. Wray 
U. S. Steel 


F. C. Young 
Ford 


P. K. Zimmerman 
Ryerson 
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icers and users has been accelerated 

iring the past year. Four large steel 

mpanies, under AISI auspices, have 
een conducting extensive research on 
oron steels and have made melts 
.vailable to their customers for ex- 
perimental work on processing and for 
ervice testing parts. 

Foresighted steel users have taken 
advantage of the experimental melts 
to try out boron steels as replacements 
for higher-alloy steels that are in- 
creasingly hard to get. Some of the 
replacements steel users reported to 
Division VIII as being under considera- 
tion are: 

46B17 for SAE 4817 
86B15 for SAE 4815 
86B17 for SAE 4817 
94B17 for SAE 4817 


(These boron steel compositions have 
not been standardized by ISTC and 
AISI, although they may be if experi- 
ence confirms their value.) 
Metallurgists familiar with the sup- 
ply situations warn that the only way 


15 More Disc Wheels 
Approved for Tractors 


HREE additions to the SAE. Recom- 

mended Practice on Tractor and 
Implement Disc Wheels have been pre- 
pared by the Tractor Technical Com- 
mittee and approved by the SAE Tech- 
nical Board. 


To provide interchangeability in 
mounting between 15 and 16 in. agri- 
cultural implement wheels and tractor 
wheels, one addition gives dimensions 
for: 


1. Wheel diameter of 15 in. with 
2% in. offset, in two weights and three 
rim sizes—a total of four combinations. 


2. Wheel diameter of 15 in. with 
1% in. offset, in two weights and three 
rim sizes—a total of four combinations. 


To provide interchangeability in 
mounting between 15, 16, 18, and 20 in. 
agricultural implement wheels and 
tractor wheels, a second addition gives 
dimensions for: 


1. Wheel diameter of 18 in. with 
2% in. offset, in one weight and one 
rim size. 


2. Wheel diameter of 18 in. with 114% 
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O spread the knowledge about use of boron in 
steels for the good of the entire steel and auto- 
motive industries and the military services, Chair- 
man H. B. Knowlton urges all metallurgists work- 
ing with boron steels to contribute their data to 
ISTC Division VIII. Information should be sent 


Harry B. Knowlton 

Chairman, SAE ISTC Division 
VilI—Boron Steels 

c/o International Harvester Co. 

180 North Michigan Avenue 

Chicago 1, Illinois. 








to maintain production—military as 
well as civilian—is to learn how to use 
leaner-alloy steels, such as boron steels, 
successfully. Increased production of 
aircraft gas turbines is taking a huge 
bite out of the supply of alloying ele- 
ments for other purposes. And the 
supply is already restricted because of 
high postwar demand and reduced im- 
ports. 

There is even a possibility that boron 
may be used to substitute for manga- 


in. offset, in one weight and one rim 
size. 


3. Wheel diameter of 20 in. with 
214 in. offset, in one weight and one 
rim size. 


4. Wheel diameter of 20 in. with 1% 
in. offset, in one weight and one rim 
size. 


The third addition covers a 12 in. 
disc wheel with smaller hub attaching 
elements than the 15 and 16 in. series 
for tractor front wheels, implements, 
and garden tractors. This addition to 
the SAE Recommended Practice pro- 
vides a wheel diameter of 12 in. with 
1%4in. offset in one weight and three 
rim sizes—a total of three combina- 
tions. Table 1 shows the tire sizes for 
three rim sizes. 


Table 1—Maximum Tire Sizes and Loads 
for 12 in. Dises 


‘ ‘ : , Maximum 
Rim Maximum Tire Size Load. Ib 
12 x 3.00D 5.00-12, 2 ply 355 


12 x 3.00D 4.00-12, 4 ply 635 
4JA-12 5-12 2-ply 315 
5JA-12 6-12 2-ply 395 


nese in shell steel, it was disclosed at 
one Division VIII meeting. (Manga- 
nese, as Earle Smith says in an article 
in this issue of SAE Journal, might 
conceivably have to be flown to the 
United States from Africa in time of 
war.) 

At ISTC’s direction, the SAE In- 
formation Service has compiled a bibli- 
ography on boron steels, which Division 
VIII circulated with minutes of their 
March 9 meeting. 


Transmission Report 
Delivered to the Army 


AE’S “Evaluation of Automatic Hy- 

draulic versus Conventional Trans- 
missions for Use in Tactical Vehicles” 
was delivered to the Department of the 
Army about the middle of May. Pre- 
pared at the Army’s request by the 
SAE Technical Board’s specially ap- 
pointed SAE Military Transmission 
Committee, the report comprised 
nearly 70 pages of data and recom- 
mendations. 

Chairmanned by E. P. Lamb of 
Chrysler, the MT Committee got valu- 
able assistance from technicians in 
various parts of the industry. Harold 
T. Youngren of Ford was Technical 
Board sponsor for the Committee. 

Serving with Lamb on the Commit- 
tee were: W. F. Benning of Willys- 
Overland; C. J. Bock of GMC Truck & 
Coach; H. E. Churchill of Studebaker; 
F. R. Nail of Mack; H. K. Reinoehl of 
International Harvester; and W. M. 
Walworth of Reo. 

Among those who contributed im- 
portantly to the Committee’s informa- 
tion were G. D. Giuliana, mobile equip- 
ment supervisor, The Cleveland-Cliffs 
Iron Co.; Charles A. Lindberg, super- 


77 








LINIVERDCITYVY OL MICHICAN )IRRARIES 





visor of truck maintenance, Oliver Iron 
Mining Co.; Ernest E. Eaton of Clark 
Equipment; D. T. Sicklesteel of Detroit 
Gear; E. L. Ludvigsen and T. Backus 
of Fuller Manufacturing; W. P. Michell 
and D. D. Robertson of Spicer; L. R. 
Buckendale of Timken-Detroit Axle; 
and Palmer Orr of Warner Gear. 


Technical Board 
Approves CIM Light 


IG. 1 shows the new SAE Recom- 

mended Practice on a Sealed Light- 
ing Unit for Construction and Indus- 
trial Machinery. 

This SAE Recommended Practice 
was prepared jointly by the SAE Con- 


struction and Industrial Technical 
Committee and the SAE Lighting 
Technical Committee, and has just 


been approved by the SAE Technical 
Board. 

This new Recommended Practice 
will appear in the 1951 edition of the 
pamphlet entitled “SAE Standards for 
Lighting Equipment and Photometric 
Tests.” This edition will become avail- 
able through the SAE Special Publica- 
tions Department in July. 


Fig. 1—CIM sealed lighting unit 


-———— 5,700~ 9-!09 pj 4 ———_——__» 


SAE’s AMS Meeting 
Rising Defense Demands 


IGHT HUNDRED PERCENT increase 
in SAF Aeronautical Material Speci- 
fication sales in 1951’s first quarter as 
compared to 1950’s reflects the tre- 
mendous part these SAE publications 
are playing in defense expansion... . 
And the second quarter increase as 
compared to last year is very much 
greater; may easily run over 1000%. 
More than 271,000 AMS were dis- 
tributed to industry in the January- 
March period this year—and April's 
132,338 total was not far behind 
March’s 137,050, the highest month. 
The first quarter rise was part of a 
fairly steady upswing in demand for 
these vital specs as the defense effort 
moved ahead. SAE facilities for quick 
handling could be kept fairly well 
abreast of the increased daily require- 
ments—even when an average of 3,165 
per working day had to be delivered in 
February, 1951, as compared to the 412 
per day average of February, 1950. 
But when March, 1951, orders sky- 
rocketed to 137,050 (a 6,230 per work- 
ing day average), even day and night 
effort, extra help, and hard work 
couldn’t prevent a log jam from de- 


veloping. By the middle of April, h 
ever, despite continued increase 
volume, deliveries were flowing ag 
with reasonable celerity. 

Wide areas of the industries in wh 
SAE has members are benefiting 
this full-scale availability of AMS 
automotive in addition to aeronau 
companies participate in subcontra 
ing functions requiring AMS use. 


New SAE Engine Test Forin 
Replaces 1943 Rules Sheet 


NEW “Rules and Directions” sheet 

(Form GA) of the SAE Gasoline 
Engine Test Code replaces the version 
adopted in 1943. The revision was 
prepared by the SAE Engine Technical 
Committee and approved by the SAE 
Technical Board. 

Chief differences between the old 
and new versions lies in the treatment 
of friction horsepower in converting 
observed brake horsepower to corrected 
brake horsepower at standard atmos- 
pheric conditions (dry air at sea level 


Continued on Page 116 
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Air view showing part of static exhibit on one of air strips at Idlewild 


Idlewild Air 


PECTACULAR fast passes, rolls and steep climbs 
marked the SAE Air Show on April 19 at the New 
York International (Idlewild) Airport, the second 
annual exhibition of latest aircraft held as the finale 
of the SAE National Aeronautic Meeting. 

Despite a downpour during the morning and can- 
cellation of several promised airplanes, the 500-odd 
members and friends basKed in bright sunlight dur- 
ing the afternoon showing on the 300 « 6000-ft run- 
way made available by the Port of New York Author- 
ity and its manager of the huge airport, George Mc- 
Sherry. 

The morning was devoted to the examination of 
the aircraft in the static exhibition. The ships 
ranged in size from the Piper Super Cub to a Boeing 
Stratoliner, and included jet fighters and helicop- 
ters. 

For the first time in the city’s history, round trips 
from the Heliport atop the Authority’s building on 
Manhattan’s Eighth Avenue were flown to Idlewild. 
Passengers included SAE President Dale Roeder, 
Tex and Jinx McCrary, five reporters and photog- 
raphers. 

A 20-ft Navy Skyhook balloon was inflated and on 
display in the new Trans World Airline Hangar, 
loaned to the SAE Display and Demonstration Com- 
mittee through the courtesy of Ralph S. Damon, 
TWA’s president. Also on exhibit was a deflated 
120-ft balloon of the same type. These balloons 
have frequently been mistaken for “flying saucers.” 
Lunches were served in the hangar. 

The afternoon’s demonstration, announced by 
General Chairman M. G. Beard and Display Chair- 
man R. Dixon Speas alternating at the microphone, 
started off with the dramatic climbing of the single- 
engine De Havilland Beaver, shown to the public in 
this country for the first time that day. 

This was followed by climbing and fast passing 
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of the De Havilland 2-engine Dove, with Peter Had- 
field, assistant air attache of the British Embassy, 
at the controls. It is a 10-passenger ship designed 
primarily for feederliner service. In one of the 
passes, Mr. Hadfield feathered one of the two pro- 
pellers as he held a steady course. 

Next to be flown was the Republic F-84E Thun- 
derjet, of the type now in combat in Korea. It 
made both slow and fast passes and roared off as it 
rapidly receded in the distance. The slow pass was 
made to demonstrate the jet plane’s ability to fur- 
nish tactical support for ground troops. 

The North American F-86 Sabre was piloted at 
high speeds, not for thrills but to show the spec- 
tators what was achieved from the conception to 
combat use of a jet fighter within the short space 
of 18 months. Brig.-Gen. Jacques Luis Murtin, 
French Air Attache, remarked, “This one must see 
genuinely to believe!”” as he watched the perform- 
ance of this airplane. 

The Lockheed F-94, with a crew of two, demon- 
strated the prowess of one of the latest jets now in 
production. 

The U. S. Coast Guard demonstrated the maneu- 
verability of one of its Sikorsky rescue helicopters 
of the type now being used effectively in Korea, and 
the City Police Force demonstrated pickup and 
landing operations with one of its Bell 47 helicop- 
ters. 

A passenger car was loaded on a Fairchild C-119, 
which then flew away to show how the “workhorse 
of the Korean campaign” works. 

A Convair 40-passenger airliner made a pass over 
the runway and the event closed as the 11-bus con- 
voy returned to the city. 





See following pages a 
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Idlewild Air Show-—1951 | 


Continued 


Noted TV team, Tex McCrary and Jinx 

Falkenberg, who flew to the Exhibit by Sikor- 

sky helicopter, are shown here inspecting the 

bomb racks of the F-84E. With them are 

(left) J. A. C. Warner, secretary and general 

manager of the SAE, and (right) SAE Presi- 
dent Dale Roeder 





Close inspection of the exhaust end of one of the jet engines 
on display at the Air Show 





Inspection of the U. S. Coast Guard Sikorsky helicopter (above) 
and (below) this helicopter demonstrating how it can hover while 
a rope is lowered to pick up a man and lift him up into the cockpit 








Fairchild C-119 (Packet) opened to show how vehicles can easily be 
driven into its widened fuselage. The Packet can be used as troop trans- 
port, litter carrier, or as a heavy cargo plane 
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During the morning inspection period, many who went on the trip to 
Idlewild were fascinated by the cockpit of the North American F-86 
Sabre 


Dixon Speas, chairman of the Idlewild Display and Demonstration Com- 
mittee talks to (right) M. G. Beard, chairman of the General Committee 
that aranged the SAE National Aeronautic Meeting 


¥ 





Among those who enjoyed the Idlewild Air Show were 

Brig.-Gen. Jacques Luis Murtin, French Air Attaché, and 

Jim Redding, director of aeronautics; Research and Develop- 
ment Board 











Inflated 20-ft Navy Skyhook balloon next to deflated 

120-ft balloon of same type. These are the kind of 

balloons that have frequently been mistaken for “flying 
saucers” 
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Bell helicopter landing on the new Heliport atop the New York Port of 

Boeing Stratocruiser was largest plane on exhibit. In foreground are Authority Building in Manhattan. For the first time, round trips were 

some of about 500 members and guests who watched afternoon's flown between the Heliport and Idlewild, where the SAE Air Show was 
demonstrations by jet planes, helicopters, and other aircraft in progress 
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Military-Industry Aims the Same; 
SAE-CIMTC Aids Army Engineers 


By Lt.-Col. D. C. Hammon, corps of Engineers, US. Army 





of the major problems the Corps 
of Engineers is engaged in trying to 
solve is the necessity of providing air- 
borne equipment. This will be equip- 
ment which can be transported by air 
without disassembly, to-assist in the 
establishment of forward air strips. 

A second requirement is for means of 
emergency reconditioning of unstable 
areas to permit the passage of divi- 
sional equipment. Divisional equip- 
ment is, as the name implies, for use in 
forward combat areas, but in modern 
warfare this does not mean small light 
equipment. It includes heavy artillery 
and armor and a large volume of heavy 
truck traffic. These two led to the 
establishment of the requirement for 
all construction equipment to provide 
increased capacity, mobility, maneu- 
verability, simplified maintenance, ease 
of operation, and multi-utility, where 
feasible. Multi-utility is a particularly 
important requirement. 

First consideration has been given to 
airborne equipment. It is necessary to 
provide construction equipment which 
weighs not more than 16,000 lb in op- 
erating condition, and with maximum 
bulk approximately 8«8x40ft. This 
is in consonance with the limitations 
of the assault aircraft and gliders. 
Much progress has been made in this 





Lt.-Col. D. C. Hammond, Engineering Research 

and Development Division, Corps of Engineers, 

who spoke at SAE Central Illinois’ 1951 Earth- 
moving Industry Conference 
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rpts were taken was presented at the Cen- 
e t Peoria, Ill., April 10, 195] 
and the rps yf Er gineers in War and 


field due to the very excellent efforts 
of the members of the earthmoving 
industry. 

In addition to the problem of the 
construction of airfields as part of air- 
borne operations, there is the more 
general and perhaps more pressing 
problem of providing forward airfields 
to support ground combat operations. 
Present-day airplanes have much 
heavier wheel loadings and higher tire 
pressures than those used in World 
War II. The solution to this problem 
may lie not entirely with improvement 
in construction equipment and tech- 
niques but may necessitate changes in 
the airplane as well. The provision of 
pneumatic track-type landing gear, for 
example. 

One of the greatest deficiencies in the 
equipment line during World War II 
lay in the wide variety of makes and 
models of equipment designed to per- 
form the same function. Thus, very 
frequently we had sufficient and ade- 
quate equipment and large stocks of 
spare parts, but the spare parts did not 
fit the deadlined equipment. Several 
attempts are now being made to solve 
this problem without resorting to 
special military design items of equip- 
ment. 

The SAE is working on several 
lines of endeavor designed to im- 
prove this situation. Subcom- 
mittees of the Construction and 
Industrial Machinery Technical 
Committee are working on 
means of achieving interchange- 
ability of parts and attachments 
on such things as the electrical 
equipment, power controls, cut- 
ting edges, tires and rims, and so 
forth. 

SAE on its own had under- 
taken this problem which led to 
the liaison established by the 
Corps of Engineers in November 
1949 with the CIMTC. The ac- 
tivities of your committee since 
that date have been of great 
value to the Corps of Engineers. 

One effect is already being felt 
in changes made to Corps of En- 
gineers specifications in con- 
formity with SAE standardiza- 
tion actions. 


In addition, specific projects are be- 


ing undertaken by the Corps of En- 





gineers through participation in Muni- 
tions Board standardization commit- 
tees to achieve this goal for industria) 
engines and crane and shovel attach- 
ments. We have hopes of achieving a 
high degree of interchangeability in 
these fields without major changes in 
basic tooling of industry. 

It is evident that such a program 
can be successfully culminated only by 
the closest cooperation and coordina- 
tion between the Corps of Engineers 
and industry. It is our firm policy to 
conduct such programs in accord with 
a recognition of this necessity. 

You probably will be interested in 
some of the requirements which we 
foresee for new types of construction 
equipment not now available com- 
mercially. Requirements for increas- 
ing speed, mobility, and maneuvera- 
bility have led to the development of 
rubber-tired equipment. This is a 
commercial trend as well as a military 
trend. Additional requirements for 
multi-purpose utility necessitate the 
development of rubber-tired and 
crawler prime movers which are inter- 
changeable for use with scrapers, 
dump trailers, compaction equipment, 
and machinery trailers. In connection 
with machinery trailers, our desire is 
to get away from their use entirely. 
But recognizing that this may not be 
possible, we plan to minimize their use. 

Some investigation has been made 
into the feasibility of modifying crawler 
equipment to provide convoy speeds 
of 25 to 30 mph, but at present this 
appears to be a too major change to 
be warranted. It would be strictly a 
military design and therefore difficult 
to procure in quantities needed in time 
of emergency. 

Although construction operations de- 
mand crawler equipment under adverse 
soil conditions, the mobility and ma- 
neuverability of wheeled equipment 
capable also of moving from job to job 
under its own power is considered a 
supplemental must. This leaves only 
the question of what proportion of 
rubber-tired and crawler equipment to 
provide. 

Among the developments that we 
foresee a need for in the immediate 
future is the heavy-duty, rubber-tired 
tractor dozer and prime mover for con- 
struction equipment. It is believed 
that a tractor of 30,000 to 35,000 lb 
drawbar pull, capable of a certain de- 
gree of dozer operation and application 
as a tow tractor-for scrapers, dump 
crawlers, compaction equipment, and 
other equipment is essential. Operat- 
ing speeds up to 25 mph and convoy 
speeds of 35 mph are needed. 

Additional proposed investigations 
include further development of air- 
borne equipment in the 16,000 Ib class, 
equipment for amphibious and arctic 
operations and increased capacity on 
items such as 2- to 4-yd front loaders, 
20-ton dump trailers and 18- to 25-yd 
scrapers. 

I would like to reiterate our appreci- 
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tion for the vast efforts and cooper- 
tion of the earthmoving industry, 
the Society of Automotive Engineers, 
and our continuing dependence on such 
efforts for the solution of our remain- 
ing problems and new ones not now 
foreseen, which may be expected to 
arise. The aims of SAE and the earth- 
moving industry and our aims and 
interests are identical. 


Housewives in Lead 
Among Air Travelers 


Based on paper by 


RALPH S. DAMON 
Trans World Airline 


ASSPORT figures show housewives 
to be the greatest air travelers of all. 
Skilled laborers are usually second on 
the list for the year and often hold 


their rank even during the peak travel 
seasons. There are cobblers, steel 
workers, and common laborers who 
have been to Europe as many times as 
our social leaders. 

It used to be thought that a large 
number of air travelers were first-gen- 
eration immigrants going back to the 
old country for a visit. But at the 
close of last year, passport applications 
by native born citizens showed a rise 
of 20% over the previous year, while 
applications from naturalized citizens 
decreased a little more than 2%. 

Engineers are a traveled group, but 
they rank only eleventh. They come 
after such groups as skilled laborers, 
secretaries, teachers, executives, per- 
sons claiming no occupation, common 
laborers, retired people, and miscel- 
laneous. The traveling salesman, the 
one man you would expect to see high 
up on the list, ranks only thirteenth. 
(Paper “Freedom in Flight,” was pre- 
sented at SAE Baltimore Section, April 
12, 1951.) 


Anti-Friction Bearings 
In Automotive Use 


ased on paper by 


R. M. RIBLET 


mken Roller Bearing ( 


OINTING out that the automotive 

industry is the largest user of anti- 
friction bearings and estimating that 
approximately 200,000,000 such bear- 
ings where used in 1950, the author 
presented a series of slides to show the 
basic principles of Timken roller bear- 
ings and typical applications of the 
tapered roller, ball, cylindrical roller, 
needle, spherangular, self-aligning, 
roller and ball, ball and tapered roller 
thrust, and many other special types. 

(Paper “Timken Roller Bearings in 
Automotive Applications,” was pre- 
sented at SAE British Columbia Sec- 
tion, December, 1950.) 





British Columbia—June 11 


Cincinnati—June 19 











Hotel Georgia; dinner 6:30 p.m. 
Annual meeting and election of of- 
ficers. 


Summit Hills Country Club, Dudley 
Pike near Erlanger, Ky. Dinner; golf, 
horse shoes, baseball. 


Cleveland—june 22 


Pine Ridge Country Club. Annual 
golf outing and dinner. 


Milwaukee—June 16 


Tripoli Country Club; dinner 6:30 
p.m. Ladies Night. 


New England—June 19 


Marlboro Country Club; dinner 6:45 
p.m. Outing, entertainment showing 
of new and old foreign cars. Golf, 
sports. 


Northern-California—June 13 


Chukker Restaurant, San Matro; 
dinner 7:00 p.m. Aviation Meeting. 
Field trip of United Air Lines mainte- 
nance base, San Francisco Airport, 
starting 4:00 p.m. A paper will be 
given following the dinner, subject not 
yet selected. 
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NATIONAL MEETINGS 


MEETING DATE HOTEL 
1951 
SUMMER June 3-8 French Lick Springs 
Hotel, French Lick, Ind. 
WEST COAST Aug. 13-15 Olympic, Seattle, Wash. 
TRACTOR and PRODUCTION 
FORUM Sept. 10-13 Schroeder, Milwaukee 
AERONAUTIC, PRODUCTION 
FORUM, and Display Oct. 3-6 Biltmore, Los Angeles 
TRANSPORTATION Oct. 29-31 Knickerbocker, Chicago 
DIESEL ENGINE Oct. 29-30 Drake, Chicago 
FUELS and LUBRICANTS Oct. 31-Nov. 1 Drake, Chicago 
1952 
ANNUAL jan. 14-18 Book-Cadillac, Detroit 
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W. C. NEWBERG has been appointed vice-presi- 
dent and general manager of Dodge Division, 
Chrysler Corp. Newberg was formerly president 
of Chrysler’s Airtemp Division. 


A. P. FONTAINE has been elected a vice-presi- 
dent and general manager of Consolidated Vultee 
Aircraft Corp., San Diego, Calif. After 21 years’ 
experience in the aircraft industry, Fontaine has 
returned to the company with which he was 


associated between 1939 and 1945. 


C. W. FREDERICK, who did product 
engineering on jet engines for Chev- 


WILLIAM A. McKINLEY has been elected ex- rolet Motor Division, GMC, in World 
ecutive vice-president of The Midland Steel War II, has been made chief product 
Products Co., Detroit. McKinley has been associ- engineer of the company’s Aviation 
ated with Midland Steel for more than 26 years, Engine Division, Tonawanda, N. Y. 
and recently has headed Midland’s sales and Frederick has been with General 
engneering departments. Motors 25 years, starting as a me- 


chanical engineer in the Research 
Laboratories. Since 1947 he has been 
at the central office, first as a truck 
engineer, and since 1949 as staff en- 
gineer in charge of all chassis design 











JAMES M. CRAWFORD, SAE President in 1945, retired June 
1 from General Motors Corp., where he has been a vice-presi- 
dent since 1947. His plans for the immediate future are “to 
take a good rest.” 

He joined General Motors in 1927 as assistant chief engineer 
of Chevrolet and became chief engineer in 1929. Then in 1945 
he was made executive assistant to the vice-president in charge 
of engineering for the Corporation. 

During the last two years, Crawford has been very active in 
the Munitions Board Industry Advisory Committee for Internal 
Combustion Engines dealing with the standardization program 
for such engines. His work brought a recent commendation 
from a high government official, who wrote: “Certainly we 
recognize the fact that you evolved and took the leadership in 
shaping up the plan which looks so promising at this time— 
and which gives every indication of success.” 

He is retiring also as chairman of the Engineering Advisory 
Committee of the Automobile Manufacturers Association, 
which he has headed since October, 1949. 

Crawford’s varied services to SAE have been marked by the 





same combination of aggressive attack on problems and achievement of concrete results which character- 
ized his industrial success. 

He played a major part in organizing the SAE Technical Board following World War II, during which 
he had been one of SAE War Engineering Board’s most active members. He was the second chairman of 
the SAE Technical Board after its organization in 1946. 

As president of the Coordinating Research Council, following his SAE presidency, he guided that SAE- 
API-sustained group through an important, constructive reorganization of its administrative structure. 

Earlier, during World War II, he had served CRC as chairman of its Coordinating Equipment Research 
Committee and on its Board of Directors. During the war, also, he served as chairman of the Engineering 
Policy Committee of the Central Aircraft Council. 


Prior to becoming president of SAE, Crawford had served the Society as vice-president for Passenger 
Car Engineering and as a Councilor. 
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4° Members 


CHARLES F. KETTERING, Re- 
search Laboratories Division, GMC, was 
the principal speaker at a University 
of Cincinnati program, April 18, mark- 
ing the 45th anniversary of the found- 
ing of the University’s noted coopera- 
tive system of technological education. 
The Kettering Laboratory of Applied 
Physiology of the College of Medicine, 
a national center for research aimed 
at clearing up health hazards arising 
out of activities and materials of mod- 
ern industry, is named in Kettering’s 
honor. 


DR. HENRY J. E. REID, director of 
Langley Aeronautical Laboratory, was 
honored for 30 years of service with 
the National Advisory Committee for 
Aeronautics at a smorgasbord dinner, 
April 30, attended by 200 of his long- 
time associates. DR. EDWARD R. 
SHARP, director of the Lewis Flight 
Propulsion Laboratory, was master of 
ceremonies. 


JOHN V. DUNN, vice-president of 
Wheels, Inc., New York City, was ap- 
pointed manager of the New York 
branch operation. Dunn has served 
with the corporation for a period of 27 
years, during which time he has rend- 
ered service in office, warehouse, and 
field service activity. 


The following SAE members have 
been elected officers of the Canadian 
Chamber of Commerce at the annual 
meeting of the Association. me. Se 
GASKIN, vice-president and general 
manager of the Studebaker Corp. of 
Canada, Ltd. — vice-president; J. L. 
STEWART—general manager; F. R. 
HAZELTON—secr‘ tary. The board of 
directors of the Association includes: 
E. J. COSFORD, Canadian Car & 
Foundry Co., Ltd.; W. A. WECKER, 
General Motors of Canada, Ltd.; D. C. 
GASKIN, the Studebaker Corp. of 
Canada, Ltd.; L. M. HART, the White 
Motor Co. of Canada, Ltd. 
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V. A. CROSBY of Climax Molybdenum 
Co. was awarded the 1951 John A. 
Penton Gold Medal for “outstanding 
service to the American Foundrymen’'s 
Society and his contributions to the 


V. A. Crosby 





dissemination of information relating 
to ferrous foundry metallurgy.” Pres- 
entation was made April 23 at the 
annual AFS banquet in Buffalo. Crosby 
has actively served SAE technical com- 
mittees and Activities committees—as 
a member of the Iron & Steel Techni- 
cal Committee, as chairman or vice- 
chairman of various ISTC panels and 
divisions, and as vice-chairman of the 
Engineering Materials Activity and 


chairman of its membership 


mittee. 


ALLISON L. BAYLES has been appointed vice- 
president of engineering of the Scaife Co., Oak- 
mont, Pa. In this capacity he will be in charge 
of all phases of plant engineering, as well as 
product design and engineering. Scaife Co. pro- 
duces containers and pressure vessels for liquids, 
air and gases. 


G. WAINE THOMAS has been elected a vice- 
president of Continental Motors Corp., Muskegon, 
Mich. He will continue his duties as chief engi- 
neer of the Automotive Division. 


J. J. ROZNER, formerly chief engineer and 
works manager, has been elected vice-president 
in charge of operations of the Aetna Ball and 
Roller Bearing Co., Chicago. Rozner has been 
with Aetna since 1928. In his new position he 
will direct all manufacturing, engineering, in- 
spection, quality control and development activi- 
ties. 





com- 
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F. ALEX NASON has been promoted from vice- 
president in charge of sales to first vice-president 
and director of marketing of The Lubrizol Corp., 
Cleveland. He is one of the five men who founded 
Lubrizol in 1928. 





GEORGE W. MARSHALL, JR., has been elected 
vice-president of Raybestos-Manhattan, Inc., 
Passaic, N. J. Marshall, who has been sales 
manager of the company’s Asbestos Products 
Division since 1947, will continue to direct sales 
activities on asbestos products at the Raybestos- 
Manhattan Manheim, Pa., plant. 





CHARLES C. SONS has been appointed acting 
eastern service manager of the Cummins Engine 
Co., Inc., Columbus, Ind. Sons has been with 
Cummins since 1947, when he joined the Cum- 
mins Research Laboratory staff as a field engi- 
neer. 





FRED T. ROBERTS has been made manager of 
truck, bus and trailer wheel sales of The Budd 
Co., Philadelphia. A veteran of 25 years with 
Budd, he has been in the company’s Wheel Sales 
Division since 1928. 








In Washington ... . 


Courtney 
Johnson 


Robert 
Cass 





COURTNEY JOHNSON, left, assistant to the chairman of the board, Studebaker 
Corp., has been appointed director of the recently inaugurated Motor Vehicle 
Division of the National Production Administration. ROBERT CASS, right, 
White Motor Co.’s assistant general sales manager, is deputy director. Both men 
are on leave from their companies, Cass having gone to Washington a few weeks 
earlier as chief of an automotive branch of a Transportation Equipment Division 
—whose functions are now a part of the Motor Vehicle Division’s work. 
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HARRY E. ERWIN, who, prior tc 
this, was service engineer with Chrys- 
ler Corp., Detroit, is now service rep- 
resentative with the Detroit Diesel En- 
gine Division, GMC, in that same city 
His new position entails the instruction 
of personnel connected with the oper- 
ation and service of diesel engines. 


J. L. KEESHIN is presently president 
of C. A. Conklin Truck Line, Inc., and 
Truck-Rail Terminals, Inc., both of 
Chicago. Prior to this, he was presi- 
dent of Keeshin Freight Lines, Inc. 
also of that same city. 


MERLE F. VALADE has recently 
been transferred from the Rouge Plant 
of Ford Motor Co. to the Aircraft En- 
gine Division in Chicago. He is assist- 
ant manager of chemical and metal- 
lurgical engineering. 


W. E. MEYER has been promoted 
from associate professor of engineering 
research to professor of engineering re- 
search at the Engineering Experiment 
Station of The Pennsylvania State Col- 
lege. 


PAUL H. KLEINMAN is presently a 
production process engineer with Ford 
Motor Co., Engine & Foundry Division, 
Dearborn, Mich. Prior to this, he was 
employed by General Motors Corp. as 
a methods engineer in the Ternstedt 
Mfg. Division, Detroit. 


CYRIL WILSON, formerly a sales 
engineer with Willys-Overland Motors, 
Inc., Toledo, Ohio, is now a staff en- 
gineer with that same company. 


JOSEPH GESCHELIN, vice-chair- 
man, National Production Activity 
Committee, was a member of an in- 
dustry panel of editors on a special 
program arranged by the Eastern In- 
dustrial Advertisers in Philadelphia on 
May 3. His subject was the economic 
outlook for the automotive industries. 

Geschelin has also been appointed 
a member of the Advisory Committee 
of Technical Committee K of the 
American Society for Testing Ma- 
terials. At the same time he was also 
made a member of Technical Com- 
mittee K. This Committee is con- 
cerned with standardization work in 
connection with the utilization of cut- 
ting fluids. 


JUDSON H. PICKUP, who was form- 
erly development and standards en- 
gineer for Pan American Airways, Inc., 
is now with Champion Spark Plug Co. 
as sales engineer for the Northern 
California district. 


CHARLES H. MARTENS is now with 
the USNR Bureau of Aeronautics, Navy 
Department, Washington, D. C., hold- 
ing the title of lieutenant-commander. 
Prior to this, he was an engineer work- 
ing on guided missile development at 
Wright-Patterson Air Force Base, Day- 
ton, Ohio. 


SAE JOURNAL 











a a ee 








MYROWN. B. GORDON, formerly an 
fficer and director of Curtiss-Wright 
‘orp., Wright Aeronautical Corp., and 
‘airchild Engine and Airplane Corp., 
1as been elected to the board of di- 
ectors of Air Associates, Inc., Teter- 
boro, N. J. Most of Gordon’s 23 years 
in the aviation industry have been in 
veneral management and administra- 
tive capacities. Gordon has recently 
been acting as Management consultant 
at Air Associates. 


RICHARD C. KORFF, formerly with 
Sterling Motor Truck Co., Chicago, is 
now on active duty with the U. S. Air 
Force. He is a sergeant with the 108 
Bomb Squad (L) in Chicago. 


IGOR SIKORSKY has been given 
the top award of the American Heli- 
copter Society, the Dr. Alexander 
Klemin Award. Sikorsky received the 
honor which includes both a certificate 
and a plaque at the Honors Night Ban- 
quet during the Seventh Annual Forum 
of the Society in Washington, D. C., 
on April 26. As the first recipient of 
the Dr. Alexander Klemin Award, es- 
tablished by FRANK N. PIASECKI, 
founder and board chairman of Pia- 
secki Helicopter Corp., Morton, Pa., 
Sikorsky’s name is on the top of the 
list of other names to follow on the 
permanent plaque which has inscribed 
as the reason for the award, “For 
notable achievement in the advance- 
ment of rotary wing aeronautics.” 


A. J. BENT has been appointed di- 
rector of the Industrial Products Di- 
vision, Westinghouse Air Brake Co., 
Wilmerding, Pa. Bent, formerly field 
sales manager of the division, will di- 
rect manufacturing, sales, and market- 
ing activities of the company’s air 
compressors and pneumatic controls 
in the automotive, marine, oil rig, air- 
craft, and industrial fields. 


JOHN J. BERGWELL, who gradu- 
ated from Cal-Aero Technological In- 
stitute in January, 1950, has returned 
to the West Coast and is now employed 
as an engineering draftsman with 
North American Aviation, Inc., Los 
Angeles. Since his graduation he has 
been employed by the Standard Con- 
veyor Co., St. Paul, Minn. 


JOHN P. HOBART, formerly a senior 
project engineer with Chevrolet Motor 
Division, GMC, Detroit, is now a qual- 
ity control project engineer with Chev- 
rolet Aviation Engine Division, Tona- 
wanda, N. Y. 


L. E. LIGHTON, vice-president of 
engineering, Electric Storage Battery 
Co., Philadelphia, has announced plans 
for a new three-story engineering 
building. It will be 52 ft wide and 421 
ft long. One of its features will be a 
museum of Exide products, where 
company engineers may conveniently 
refer to past developments as they seek 
solutions to new technical problems. 
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SAE Father and Son 


R. A. SCHAKEL, right, 
manager of the Engine 
Drive Division of the 
Diamond Chain Co., 
Indianapolis, Ind., is 
shown with his_ son 
ENSIGN R. A. SCHA- 
KEL, JR., left, who is 
stationed aboard the 
U. S. S. Leyte. Schakel 
was chairman of the 
SAE Indiana Section 
in 1949. Ensign Scha- 
kel served six months 
off the coast of Korea 
on the aircraft carrier 
Leyte, which is now 
docked at Norfolk, Va. 

















H. J. HOWERTH, for the past 15 years in charge 
of car factory service department activities for 
the Alemite Division of Stewart-Warner Corp., 
Chicago, has been named manager of the Detroit 
branch office of the company. 


GEORGE R. OLIVER, formerly manager of dis- 
tribution, GMC Truck & Coach Division, Pontiac, 
Mich., has been transferred to the Government 
Sales Section of General Motors Corp. He will 
assist in handling the increased responsibilities of 
this activity under the defense mobilization pro- 
gram. 


JAMES H. RICHARDS, former owner of Fray 
Machine Tool Co., Fray Tool & Reamer Co., 
Frayco Electric Motor Co., and Richards Machine 
Tool Co., all of Glendale, Calif., has been en- 
gaged as consulting engineer by Paul-White- 
Carnahan Investment Brokers of Burbank, Calif. 
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STUDENTS ENTER 


H. OWEN MOSES (University of Brit- 
ish Columbia ’51) to Canadian Indus- 
tries, Ltd., Toronto, Ont. 


ALVIN P. FENTON (University of 
British Columbia '51) to Kohler Co., 
Kohler, Wis. 


CARL R. NELSON (Washington State 
College °51) to Boeing Airplane Co., 
Seattle, Wash. 


DONALD B. HUMMEL (The Pennsyl- 
vania State College ’51) to Armstrong 
Cork Co., Lancaster, Pa. 


DALE E. WOOMERT (The Pennsyl- 
vania State College °51) to Sperry 
Gyroscope Co., Great Neck, N. Y. 


HUGHES J. DUPREZ (Indiana Tec- 
nical College 51) to Fairchild Engine & 
Airplane Co., New York. 


W. R. OSBAN (Indiana Technical Col- 
lege 51) to Corning Glass Co., Corning, 
N. Y. 


JOHN N. WRIGHT (West Coast Uni- 
versity) to General Electric Co., Sche- 
nectady, N. Y. 


HARRY B. STUCKY (University of 
Michigan ’50) to Fram Corp., Dexter, 
Mich. 


RICHARD C. MILLER (Lehigh Uni- 
versity ’51) to International Business 
Machines Corp., Poughkeepsie, N. Y. 


FRED W. BOWDITCH (Purdue Uni- 
versity °51) to GMC Research Lab- 
oratories Division, Detroit. 


HERBERT H. GARTEN (College of the 
City of New York ’51) to Reed Research 
Inc., Washington, D. C. 


GEORGE H. BENEDICT (Rensselaer 
Polytechnic Institute °51) to Cater- 
pillar Tractor Co., Peoria, Il. 


ATMA B. FLOYD, JR., (A & M Col- 
lege of Texas °50) to Chance Vought 
Aircraft Division, Dallas, Texas. 


RICHARD J. VICKERS (Northrop 
Aeronautical Institute '51) to Northrop 
Aircraft, Inc., Hawthorne, Calif. 


WILBUR E. DOWNING (University o£ 
Massachusetts) to Rodney Hunt Ma- 
chine Co., Orange, Mass. 


ROBERT G. Mac EWAN (University 
of Michigan °50) to Douglas Aircrait 
Co., Santa Monica, Calif. 


ROBERT B. HAYES (University of 
Minnesota °50) to Consolidated Vultee 
Aircraft Corp., San Diego. 


ROBERT T. GAUGER (Purdue Uni- 


versity 50) to General Foundries, Mil- 
waukee, Wis. 


JOSEPH MATTHEW LATONIS (Tri- 
State College) to Sperti Faraday, Inc., 
Adrian, Mich. 


ANTHONY SCOTCH § (Aeronautical 
University) to Consolidated Vultee Air- 
craft Corp., San Diego, Calif. 


JAMES M. WALTER (University of 
Colorado ’50) to Lockheed Aircraft 
Corp., Burbank, Calif. 


ROBERT M. MOORE (Northrop Aero- 
nautical Institute 50) to North Ameri- 
can Aviation, Inc., Los Angeles. 


HENRY A. RAWLES, JR., (Parks Col- 
lege 50) to Remmert-Werner, Inc., St. 
Louis. 


DWIGHT KINNEY (California State 
Polytechnic College) to Northrop Air- 
craft, Inc., Hawthorne, Calif. 


BILLY J. CUNNINGHAM (A & M Col- 
lege of Texas ’51) to Consolidated Air- 
craft Corp., Ft. Worth, Texas. 


CHARLES JACKSON (A & M College 
of Texas ’51) to Monsanto Chemical 
Co., Texas City, Texas. 


EDWARD ADAMS (Aeronautical Uni- 
versity of Chicago ’51) to North Ameri- 
can Aviation, Inc., Los Angeles. 


GENE E. MENTZER (Tri-State College 
*5b1) to Link Aviation, Inc., Bingham- 
ton, N. Y. 


WALTER J. FRISCH (University of 
Wisconsin ’51) to Four Wheel Drive 
Auto Co., Clintonville, Wis. 


DELMAR L. BOECK (Tri-State Col- 
lege 50) to Stewart Warner Corp., In- 
dianapolis. 


HENRY C. JAWOR (Indiana Techni- 
cal College ’51) to Cornell Aeronautical 
Laboratory, Inc., Buffalo, N. Y. 


EDGAR C. FEATHERINGILL, II, 
(Purdue University °51) to Socony- 
Vacuum Oil Co., Indianapolis. 


PHILLIP J. BERGMANN, JR., (Indi- 
ana Technical College °49) to Mc- 
Donnell Aircraft Corp., St. Louis. 


DEWEY A. SHERAR (University of 
Southern California °50) to North 
American Aviation, Inc., Los Angeles. 


CHRISTOPHER C. RACHAL, JR., 
(Northrop Aeronautical Institute °49) 
to McDonnell Aircraft Corp., St. Louis. 


EDWARD F. COLE, JR., (University of 
Connecticut ’50) to Pratt & Whitney 
Aircraft Division, East Hartford, Conn. 


FRANK LINDY BUSCARELLO (Uni- 
versity of Michigan ’51) to Continental 
Aviation & Engineering Corp., Detroit. 


INDUSTRY 


CHARLES J. KREMER (University of 
Colorado ’50) to Ogden Engineering 
Co., Chicago. 


HAROLD CONSTANTINE PSILLAS 
(University of Oklahoma ’51) to North 
American Aviation, Inc., Los Angeles. 


RUSSELL C. DAHL (University of Ili- 


nois ’51) to: Josly Mfg. & Supply Co.. 
Chicago. 


FRANK P. KULESZ (Academy of 
Aeronautics ’51) to United Air Lines. 
Inc., New York. 


JACK WILLIS (Rhode Island State 
College 51) to General Electric Co., 
Pittsfield, Mass. 


JOHN C. CONZETT (Massachusetts 
Institute of Technology ’51) to Good- 
year Aircraft Corp., Akron. 


JAMES HUNTLEY HERD (University 
of Buffalo 50) to Naval Ordnance Lab- 
oratory, Silver Springs, Md. 





OBITUARY 


JOHN R. CAUTLEY 


John R. Cautley passed away April 
24 at the Homelawn Mineral Springs 
sanitarium at Martinsville, Ind. He 
was 67 years old. 


Born in Richmond, Va., Sept. 28, 
1883, he was educated in public and 
private schools in the United States, 
England, italy and Switzerland. He 
was a graduate of the engineering 
school at Cornell University, where he 
taught engineering for two years. 
Early in his engineering career he was 
affiliated with Hans Renold, Ltd. and 
the Wright-Martin Aircraft Corp. be- 
fore becoming connected with the 
Perrot Brake Co., South Bend, Ind., in 
1923. Cautley was vice-president and 
a member of the board of directors of 
that company when it became the 
Bendix Brakes plant. He was staff 
engineer with the Bendix Products 
Division, Bendix Aviation Corp. at the 
time of his death. 


From 1926 until 1946 Cautley was in 
charge of engineering sales and service 
of the aircraft landing gear depart- 
ment of the Bendix plant. It was this 
department that developed the modern 
airplane wheel and brake, the pneu- 
matic landing gear shock struts and 
auxiliary equipment. Since 1946 he 
has been doing research and develop- 
ment, mainly on aircraft landing gear. 
He had been an SAE member for 39 
years. 
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Telephone Movies 
Highlight April Meeting 

e x ) > 4 + . P + 

La 1 Editor 

April 10—An interesting discussion of 
the Southwestern Bell Telephone Sys- 
tem’s fleet truck system was conducted 
by Willard Hixson, supply supervisor of 
the Kansas territory. 

Following the discussion two movies 
of the Bell Telephone Laboratories de- 
velopment programs were shown. The 
first movie “‘Telephone’s Screen Review, 
No. 7” showed the construction of the 
Western Electric Plant at Kearney, 
N. J., the development of new telephone 
equipment and its testing by the public, 
and then the development of television. 

The second movie, “Echoes of Radar 
& Sonar In War & Peace,” showed the 
development of sonar and radar equip- 
ment. Included in the movie were 
several actual wartime shots showing 
the effectiveness of these developments. 

An added feature was, “And Then 
There Were Four,” a movie stressing 
safety in driving. 


Section Meeting 
Hears Prize Papers 


® Spokar ntermount 


J Editor 


University of Idaho took first and 
third prizes, Washington State College 
second prize in Spokane-Intermoun- 
tain Section’s first Student Paper 
Award Contest held April 20 at a Sec- 
tion meeting in Spokane. 

First Prize Winner Carlton C. Mc- 
Mullin won with his paper on “Com- 
bustion Characteristics of the New 
Chrysler V-8.” James Thompson got 


second prize with ‘Torsional Spring 
Suspension for Heavy Trucks’’—and 





Officers of the Case Institute Student Branch (left to right): Fenn College Student Branch officers pictured at the banquet. 


Crabbs, and Chairman Robert L. Broderick 


JUNE, 1951 








Section 
Meetings 











Joffre Myers took third with “Design 
of Cars Used in the Lake Muroc, Cailif.., 
Time Trials.” 

First prize was $25; second, $20. 

The papers made a fine meeting, in 
the opinion of the Section members, 
and the project’s success probably 
means its continuance in future years. 


Three Student Branches 
Guests of Cleveland Section 


April 23—Cleveland Section was host 
to three SAE Student Branches at the 
annual banquet in the ballroom of 
Wade Park Manor. Guests were mem- 
bers of the Student chapters of Fenn 
College, Case Institute of Technology, 
and General Motors Institute. Student 
Committee Chairman A. D. Gilchrist 
presided, Guest Speaker Dr. Harry D. 
Osborn, Jr., technical director of the 
Ohio Crankshaft Co., discussed the role 
of the young engineer. 

Osborn pointed to the engineering 
achievements of the past as a challenze 
to the young engineers who will be re- 
sponsible for the achievements of the 
future. He gave the engineering pro- 
fession much of the credit for the 
present high standards of living in this 
country because of its contribution to- 





ward producing more goods for more 
people at lower cost. 

The industrial revolution in this 
country is continuous, he said, because 
we are always endeavoring to do a 
better job in producing more and better 
products for less money. Accomplish- 


ments of the past, both in machines 
and in production processes, were well 
brought out with the use of slide film 
illustrations. Automatic devices, plastic 
materials, and other examples were 
offered of the great strides made in the 
past 10 years or So. 





Speaker Dr. Harry B. Osborn, Jr. (left) with 
Student Committee Chairman A. D. Gilchrist 
at Cleveland Section’s annual student banquet 





and Vice-Chairman Antonio Salvaggio 
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Details Five Factors 
In Engine Performance 


®@ Philadelphia Section 
M Hutelmyer, Field Editor 
April 11—‘Satisfactory performance 
of engines in service is dependent upon 
five factors,” said Carl W. Georgi, quot- 
ing from the SAE Handbook. These 
are: 


= 


Operating conditions 
2. Maintenance 

3. Engine Design 

4. Fuel 

5. Lubricating oil 

Georgi, who is technical director, 
research laboratories, Quaker City Oil 
Refining Co., and current SAE vice- 
president for Fuels and Lubricants, 
used this statement as. the basis for 
a paper on “Additive Oils versus En- 
gine Design and Operating Conditions.” 

High-additive, super-detergent oils 
have received so much publicity in re- 
cent months that there is an all-too- 
popular idea that additives and deter- 
gency are the answer to all engine lu- 
brication problems, and that the only 
probiem is to find the oi with tic 
highest additive content. 

The important but often-overlooked 
fact is that motor oil is only one factor 
involved with engine lubrication and 
performance, and there are the four 
other highly important factors which 
can either wo:k with the oil or against 
it. When too many of these other fac- 
tors are working against the oil, en- 
gine performance and _ lubrication 
troubles can easily occur, regardless of 
high-additive oils and super-deter- 
gency. 

After this introduction, Georgi pro- 
ceeded to analyze the various condi- 
tions and limitations found in each 
of the four factors which could work 
either with or against the oil. 


1. Operating conditions: The super- 
detergent oils are doing a marvelous 
job in diesel engines; in fact, without 
the present detergent oils it would 
not be possible to operate the modern 
diesel. In gas engines they are doing 
an outstanding job when the motors 
are run at peak speed and load, but 
in light-duty stop-and-go operation, 
where the motor is operating “cold,” 
the performance has not been out- 
standing. This is due, mainly, to the 
fact that the oil, in addition to its 
function as a lubricating and cooling 
agent, is also acting as a “garbage col- 
lector” of all the »vlow-by products 





cast off by the motor. Factors such 
as fuel dilution, water contamination, 
solid contamination, insoluble resins 
and fuels of poor burning quality, 
which are aggravated by cold motor 
operation, all work against the lubri- 
cating oil. 

2. Maintenance. To illustrate the 
importance of maintenance, Georgi 
showed a slide of two cylinders, one of 
which was heavily sludged and the 
other practically clean. He said the 
change from the sludged to the clean 
cylinder was caused by a change in 
maintenance shop _ superintendents. 
The importance of regular oil changes, 
replacement of filter cartridges and 
periodic inspections should never be 
underestimated. 

3. Engine Design. In engine design, 
emphasis should be given to proper use 
of by-pass thermostats in the cooline 
system, crankcase ventilators and oil 
filters of proper size. By using a by- 
pass thermostat the engine can be 
quickly brought up to the proper op- 
erating temperature, thus retarding 
the development of blow-by products 
which are harmful to the motor. A 
proper crankcase ventilator is neces- 
sary to remove the gases which are 
thrown off and which tend to place 
layers of varnish on the engine walls. 
The most efficient and expensive venti- 
lator is one that is operated by a 
motor drive blower. 

Oil filters in use today are generally 
too smali for the job they must per- 
form, and after a period of 8 to 12 op- 
erating hours the cartridges are so 
fouled that they are practically use- 
less. 


4. Poor burning fuels and improperly 
adjusted carburetors are responsible 
for crankcase dilution which quickly 
cuts down the efficiency of the oil. 

In concluding, Georgi presented a 
comparison between a motor which 
was equipped with an undersize filter. 
poor crankcase ventilating system and 
no water by-pass, but was using a high- 
detergent oil, with a motor which had 
a dual filter, by-pass thermostat and 
a motor-driven blower crankcase ven- 
tilating system, but was using a pre- 
mium oil without detergent. After op- 
erating under the same conditions and 
the same mileage the second motor 
was in far better shape than the first. 

The meeting was under the direction 
of Technical Chairman Dr. J. C. 
Geniesse, of Atlantic Refining Co. 
Geniesse smoothly handled the un- 
usually long and spirited discussion of 
the speaker’s paper. 


Detroit 


April 16—This Section meeting reached 
out as far as possible into the future 
and dealt with jet-propelled race cars 
and the fruits of research—each subject 
being presented in a unique manner. 

Jet propulsion was put before the 
membership in demonstration form 
when model jet racers sped down a 
wooden track erected along the wall 
of the Rackham banquet room where 
the dinner meeting was held. The oc- 
casion was the annual student dinner 
meeting and the racers were winners 
of individual school run-offs staged by 
the school SAE branches in the Detroit 
Section area. Entries from University 
of Detroit, University of Michigan, 
Michigan State College, Wayne Uni- 
versity, Detroit Institute of Technology, 
Lawrence Institute of Technology and 
Chrysler Engineering School partici- 
pated. The entry of General Motors In- 
stitute was “shipped” for the race but 
got lost in the mails. 

The cars were powered by single car- 
bon dioxide cartridges, and had to be 8 
to 10 in. in length, at least 5 oz. in 
weight, not more than 2 in. high or 
1% in. wide, with maximum hub-to- 
hub diameter of 134 in. During the 70- 
ft course set up behind the speakers 
table, one car lost a wheel, another’s 
body split down the middle, and a third 
turned over—but all turned in official 
speeds of more than 43.30 mph. 

The speed prize was won by the 
Chrysler entry with an average of 52.40 
mph. A prize for excellence in work- 
manship and design was awarded to 
the Wayne University entry, with a 
special prize also awarded for design 
to the entry from Detroit Institute of 
Technology. 

The technical talk of the evening was 
given by C. G. A. Rosen, research con- 
sultant to Caterpillar Tractor Com- 
pany, who discussed “The Pay-Off in 
Research.” Beginning his address he 
made the important point that our eco- 
nomic supremacy may soon rest on our 
creative ability in the United States, 
not on American wealth. 

“The real reward of creative effort 
through continuous education is not the 
occasional prize, but the steady climb 
—the greater likelihood of advance- 
ment,” Rosen said. His thesis was that 
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Sponsors Model-Car Design Contest 


attainment in research activities de- 
mands that we always have the attitude 
of. the student: to seek knowledge by 
continuous study. 

As to the value of college research 
Rosen gave testimony by listing engi- 
neering college research programs 
which have benefited the industry. 
These include dehumidifier testing, low 
cost housing, parking meters, transit 
system modernization, tractor testing, 
analyses of gases in steel, nepheline 
syenite, sugar beet mechanization, flax 


W. F. Sherman, Detroit Section Field Editor 





research must be the college laborator- 
ies,” Rosen said. “But this does not 
relieve industry of its share of re- 
sponsibility of pursuing fundamental 
research vigorously.” 

He discussed the problem of financing 
research, directing it and keeping alive 
fundamentals and applied research 
without letting them get crowded by 
development projects. 

“Under the guidance of management, 
with a properly balanced program in 
basic and applied research, with due 


fact that research does pay off.” 

The speaker declared that a democ- 
racy creates a climate of opinion in 
which sound business can thrive. On 
the other hand, individuals can rise 
above govevnmental restraints and 
achieve developments of much credit 
to themselves, as has happened in a 
number of cases in European countries 

Rosen discussed the role of individ- 
uals in research and cited examples 
to bear out the truth of the quotation 
“all of us have within us some of the 





handling machinery, spectro-chemical regard to the sphere of evolution in divine creative urge.” OS 
analysis, and many others. product development, the profit state- The real pay-off in research, he said, oe 
“The main reservoirs of fundamental ment of modern industry attests to the is “satisfaction in creativeness.”’ : . 
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Chief Timer Chester Ricker, Detroit Editor of American Machinist ©: C. A. Rosen (right), speaker at the evening technical session, with — 
(center) and students figuring time of cars. Times are being posted Section Chairman L. |. Woolson (left) and Harry Chesebrough, vice- in 
in the background chairman for Student Activity pee 








Chief Steward Tommy Milton presenting performance prize for the fastest 

car to Herb Smith and Bob Chapman of Chrysler Institute of Technology. 

They received an SAE banner (background) for the Student Branch and ' 

small model racing car pins. Left to right are H. E. Chesebrough, Section 

vice-chairman for Student Activity; Smith; Gordon Haag, Chrysler Institute; } 
Milton; and Chapman y 


Frank S. Spring of Hudson Motor Car Co., chairman of the 
committee of judges, presenting a model car to Edward Solowiej 
of Wayne University, who built the car judged best in design 
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The California State Polytechnic College campus. 
of other equipment needed for the variety of courses offered. 


SAE At 


mountains 





Included are airplane hangars, poultry pens, chemistry labs, orange groves, and the multitude 
A full-size airport, not shown in the picture, extends for 3300 acres into the 


California Polytechnic 


One of the SAE’s most unusual Stu- 
dent Branches is the two-year-old 
group at California State Polytechnic 
College, San Luis Obispo, for it’s estab- 
lished at one of the nation’s most un- 
usual schools 

Almost exactly midway between Los 
Angeles and San Francisco, at the 
point where U. S. Highways 1 and 101 
converge, Cal Poly has become nation- 
famous as a learn-by-doing college 
with an “upside-down” approach to 
training. Results? Its all-men stu- 
dent body, pegged by the state at 2,700, 
includes representatives from 54 of 
California’s 58 counties, from 42 of the 
48 states, and from 19 foreign coun- 
tries. And its engineering division, 
parent orbit of the SAE Branch, has 
more calls for graduates than it can 
supply. 

While Cal Poly was first best-known 
for its agricultural division, the engi- 
neering program has grown by leaps 
and bounds until it is now on even 
terms. Growing so rapidly, the divi- 
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sion has encouraged student clubs and 
society chapters as one of the best 
means of binding together the majors 
in its various departments. This is one 
reason the SAE Branch has had the 
staunch support of both students and 
faculty and why during the current 
year the Branch has grown in mem- 
bership from some 50 to double thai 
number. Membership is drawn pri- 
marily from five departments—aero- 
nautic, mechanical, electrical, main- 
tenance and agricultural engineering. 


Meetings Stress New Ideas 


Branch meetings are held every 
three weeks in Administration Build- 
ing quarters. Programs stress study of 
new engineering techniques and prac- 
tices, sparked frequently by appear- 
ance of leaders in the engineering 
field, who are available in passing to 
and from California’s two largest cities. 
Among those attending Branch meet- 
ings recently were Don Van Harreveld, 
West Coast trainee engineer for 





Union Oil Co., who led discussion on 
trainee programs, and Jim Hodges, 
field engineer for duPont out of Los 
Angeles, who spoke on “Fuels and 
Lubricants.” 

Cal Poly’s “upside-down approach” 
has been of particular interest to prac- 
ticing engineers. Rather than require 
the student to spend two or more years 
with general education before starting 
specialization, Cal Poly believes that 
no engineering student should spend a 
single year without some definite engi- 
neering accomplishment to show for 
it. AS a result, as many basic engi- 
neering and job-getting courses as pos- 
sible are grouped during the freshman 
and sophomore years, and the third 
and fourth years are devoted to roun- 
ing out general education plus special- 
ized advanced engineering work. Thus, 
a four-year student covers about the 
same material as students in other 
colleges but he has spent most of his 
engineering training building on early- 
learned fundamentals. In addition, 
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he student who may have to leave be- 
fore graduation has the benefit of vari- 
‘us courses basically important to an 
ngineering or allied career. 

Under the learn-by-doing system, 
tudents are given actual projects to 
iesign and carry through. In many 
cases, students borrow from a revolv- 
ing fund to finance projects they ex- 
pect to lead to cash profit. The aero- 
nautic engineering student, for in- 
stance, May purchase a wrecked plane, 
repair it and sell it. The original loan, 
plus a percentage of the profits, is re- 
turned to the fund. 

In other instances, engineering stu- 
dents are assigned ‘“use-projects” for 
the college. In the machine shop not 
long ago, a dire need existed for a 
milling fixture to handle a number of 
metal blocks simultaneously. Produc- 
tion needed speeding up. William 
Martin, senior mechanical engineer, 
undertook to remedy the situation. 
The fixture he designed is hydraulically 
operated, clamping seven of the metal 
blocks into slots by two stellite-tipped 
points on each block. It permits a 
straddle milling operation. 

Actually, the project was complicated 
by three basic requirements: (1) the 
fixture must clamp the blocks close to- 
gether so that at any given time the 
cutters would not run idle between 
blocks; (2) no part of the fixture could 
project above the blocks, because such 
projection would interfere with the 
cutter arbor; (3) the fixture must be 
rigid enough to eliminate vibration. 

The resulting fixture consisted of 
209 parts, most ground to a precise fit. 
The seven pistons operating the clamp- 
ing points have a tolerance of 0.0002 to 
0.0005 in. The job required 600 man 
hours; would have cost $3,000 at pre- 
vailing wages. 

“It simply proves again,” says Dean 
of Engineering Ralph Priestley, “that 
gvien a chance, students can accom- 
plish far more than some of the older 
heads are willing to realize. We try 
to make sure at Cal Poly that our en- 
gineering students use textbooks only 
as springboards. They study. They 
observe. But then they do.” 

Mud was a vexing problem to the col- 
lege, which has grown so rapidly side- 
walks haven’t been able to keep up. 
The maintenance engineers and the 
mechanical engineers got together. 
Now, before most of the campus class- 


. room buildings are “grating platforms” 


where students almost automatically 
clean their shoes as they walk to the 
doors. 

The architectural engineering de- 
partment needed drafting tables. No 
money for quite some time and not 
enough then to provide for booming 
enrollment. Engineering students not 
only designed but built fifty drafting 
tables, so efficient that several im- 
provements have been tagged for fu- 
ture use by professionals. 

And that, points out Dean Priestley, 
is what is meant by Cal Poly’s learn- 
by-doing. 
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Thomas Hardgrave, mechanical en- the next meeting date. But most of 
gineering instructor, is SAE student all, we'd like to show them this college 
Branch adviser this year. Robert that takes what we feel is an outstand- 
Faires, mechanical engineering senior 
from Santa Ana, is president. While students we not only learn what to do 
the engineering division has been on and how to do it, but then we actually 
display at a number of the West Coast geo out and do it.” 
trades and industrial conferences, and 


while April 27-28 saw Cal Poly as a SAE Members Who Attended 


ziant open house for the nineteenth California State Polytechnic College 
annual “Poly Royal,’ famous ‘Coun- 


try Fair on a College Campus,” both Clifford Howard Anderson (1946- 
Hardgrove and Faires invite all engi- 49), John A. Benton (1937-39), Charles 
neers traveling over U. S. Highways 1 T. Coleman (1946-48), John L. Har- 


ingly ‘real’ approach to training. As 


and 101 to stop in. nack (1947-49), Harold Bond Hunting, 
“We'd like to have them for one of Jr., (1935-38), Harry Raymond Lewis 
our Branch meetings,” says Faires, (1938-42), Clinton Merithew (1940- 


“and if they’ll drop me a note at Box 48), Robert W. O’Hara (1946-49), 
264, Cal Poly, I'll be glad to tell them Arsham D. Zakarian (1937-40). 





Jim Hodges, duPont field engineer, talks with Student Branch officers after meeting at which 

he spoke on ‘Fuels and Lubricants.” Hodges is only one of several in-the-field engineers to 

stop off at the College, where SAE Branch membership has doubled the past year. Left to right 

are Secretary Ed Whitney; Chairman Bob Faires; Hodges; Vice-Chairman Bill Martin; Treasurer 

Freeman Millard; Tom Hardgrove, faculty adviser and mechanical engineering instructor; and 
Hugh Heraldson, also a mechanical engineering instructor 





Cal Poly’s “Welding Goes to College” exhibit attracts attention at the recent Seventh Western 

Metal Congress in Oakland. Gathered around one of the drafting tables designed and constructed 

by Cal Poly engineering students on a “learn-by-doing” production basis are industry representa- 

tives discussing with Richard Wiley, welding department head, the Cal Poly exhibit theme of 

“production through education.” Left to right: Charles E. Smith, Douglas Aircraft Co.; Wiley; 

Joe McGrath, national secretary, American Welding Society; Instructor Robinson, Laney 
Technical School, Oakland 


93 








moma rire 


#i7i rss 


NL 


AITLITC A 
ili oS 


‘ 
ve 


I 


RSITY_OF 


UNIVE 














You'll be interested to know... . 


TEN SAE MEMBERS are included in the 13-member Subcommittee 
on The Vehicle of the Committee on Engineering of the President’s 
Highway Safety Conference this year. .. . SAE Past-President B. B. 
Bachman of Autocar is chairman of the Subcommittee. Other SAE 
members are: Donald Blanchard, secretary, SAE Technical Board; 
SAE Past-President J. M. Crawford, General Motors Corp.; Wilbur 
L. Cross, Motor Vehicle Department, State of Connecticut; Frederick 
L. Horner of Washington, D. C.; SAE Past-President W. S. James, 
Fram Corp.; George L. McCain, Chrysler Corp.; Val J. Roper, General 
Electric Co.; SAE Past-President S. W. Sparrow, Studebaker Corp.; 
and Harold T. Youngren, Ford Motor Co. . A meeting of the 
Committee will be held in Washington on June 12, the day before the 
Conference opens. 


UNIVERSITY OF IDAHO now has an SAE Student Branch. The 
new Branch, approved by SAE Council on April 18, has been oper- 
ating as an SAE Student Club for more than a year. Its smallest 
meeting so far had 10 in attendance; its largest, 170 ... . Prof. C. D. 
King is faculty adviser; Joffre P. Myers is chairman for this school 
year .... U.I.’s Engineering College now has 339 students, and is a 
fully accredited school of engineering offering B.S. and M.E. degrees. 


R. F. LANSING, BENDIX AVIATION CORP., has been named SAE 
representative on the Daniel Guggenheim Medal Board of Award for 
the three-year term beginning Oct. 1, 1951. He succeeds Alexander 
Kartveli, whose term expires Sept. 30, 1951. . . . Other SAE repre- 
sentatives now serving on this Board are Charles Froesch and W. G. 
Lundquist, whose terms will expire Sept. 30, 1952, and 1953, respec- 
tively. 


RECENT ADDITIONS TO SAE Professional Activity Committees in- 
clude: C. F. Kramer of Ford to the Body Activity Committee; C. G. A. 
Rosen of Caterpillar and T. M. Robie of Fairbanks, Morse to the 
Diesel Engine Activity Committee; T. A. Haller of Allis-Chalmers, W. 
W. Henning of International Harvester, D. K. Heiple of LeTourneau, 
and G. J. Storatz of Heil to the Tractor and Farm Machinery Ac- 
tivity: and F. W. Kately, ACF-Brill Motors, to the Truck & Bus 
Activity Committee. 








Helicopter Role 
Seen Growing Fast 


® Montreal Section 


Frank B. Thompson, Field Editor 





Guest speaker Igor Sikorsky at Montreal Sec- 
tion’s April 17 meeting 
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April 17—Igor Sikorsky sees develop- 
ment ahead of great helicopter “air 
buses” to carry passengers from air- 
ports to central parts of a city and for 
relatively short intercity flights. Sikor- 
sky, designer of the Sikorsky Helicopter 
built by United Aircraft Corp., pcinted 
out that airplanes are limited in service 
possibilities by their need for airports 
for take-off and landing. The heli- 
copter, however, can land almost any- 
where because it can go straight up 
and down. 

Use of the newly-developed 10-pas- 
senger helicopter in Korea, he said, 
has demonstrated possibilities limited 
only by the imagination of the heli- 





copter designer of the future. 

The meeting, held jointly by the SAF 
Montreal Section and the Institute o: 
Aeronautical Sciences, took place at 
the Mount Royal Hotel. 


Says Human Factors 
Cause Most Accidents 


C. F. Foell, Field Edit 


April 5—Met Section was entertained 
tonight by a very illuminating discus- 
sion on the human factors in automo- 
tive design and operation by Dr. Ross 
A. McFarland of Harvard University’s 
School of Public Health. At the outset, 
the speaker stressed the breadth and 
intensity of the subject, pointing out 
the indispensable nature of automotive 
transportation as well as its far-trom- 
enviable accident rate. In his opinion, 
effective reduction of the latter can 
result from the combined efforts of de- 
Signers, physicians, physiologists, and 
psychologists, primarily; improved pub- 
lic health should also be realizable. 
The goals are worthwhile when one 
considers the approximate annual 
highway toil: 35,000 deaths, 100,000 
major injuries, 1,000,000 minor in- 
juries. Accidents from all sources are 
the major causes of death between the 
ages of one and 24 years. 
McFarland is of the opinion that 
while design defects are important con- 
tributary causes, and are often con- 
sidered the most important, human 
failures are of first importance. In 
support of his theory, he cited an an- 
alysis of 300 cases from a single insur- 
ance company’s experience, involving 
several million dollars in claims. The 
causes of the accidents were about as 
follows, in descending frequency: Un- 
familiarity with the road, driving too 
fast, driving too close to the vehicle 
ahead, driver fatigue, faulty passing, 
excessive drinking, design defects. 
According to the speaker, human dif- 
ferences cause machines to respond 
differently; there has not been suf- 
ficient matching of people to appar- 
atus and, in addition, there has often 
been too much designing for the aver- 
age man without accurate knowledge 
of the characteristics of that com- 
posite individual. The non-average 
man needs plenty of consideration, too. 
Important vehicle properties requir- 
ing improved design were cited: vision 
point and angle, susceptibility to re- 
flection and glare, seat height and ad- 
justment, pedal position and travel 
(too close or too far from driver, or 
from each other; at wrong angle to 
driver’s feet), hand operated controls 
(not readily accessible or convenient 
of use), leg clearance, instrument visi- 
bility and lighting. Reduction of noise 
and vibration, which cause fatigue, as 


Continued on Page 97 
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Hyatt Hy-Load Roller Bearings are straight 
cylindrical bearings available in a wide 
range of types and sizes and with a number 
of different snap ring, separator, and race 
flange arrangements to meet a variety of 
application requirements. 


Hyatt Spherangular Roller Bearings are 
self-aligning angular contact bearings de- 
signed to take both radial and thrust loads. 
They provide ideal distribution of load on 


HYATT 


STRAIGHT CYLINDRICAL 
ROLLER BEARING 
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rollers under conditions of misalignment or 
shaft deflection. 


The correctness of Hyatt design has been 
proven by the performance of the millions 
of precision-manufactured Hyatts operating 
year after year in cars, trucks and buses the 
world over . . . justifying the automotive en- 
gineers’ preference for these dependable 
bearings. Hyatt Bearings Division, General 
Motors Corporation, Harrison, New Jersey 


and Detroit, Michigan. 


HYATT 
SPHERANGULAR TYPE 
ROLLER BEARING 
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25 Years Ago 


Facts and Opinions from SAE Journal 


Noted as “radical aerodynamic de- 
partures from the conventional air- 
plane” by Prof. Alexander Klemin of 
New York University are the slotted 
wing and flap for the increase of the 
maximum lift of an airfoil; the slotted 
wing and flap utilized as ailerons to 
improve lateral control at low speeds: 
La Cierva’s Autogyro; and Capt. G. T. 
R. Hill’s tailless airplane. Prof. Klemin 
spoke at the May 20 Metropolitan Sec- 
tion meeting. 


Undoubtedly the most spectacular feature of 
the 1926 Summer Meeting was the airplane 
photographic exhibition provided in connection 
with the Army's experimental program through 
the courtesy of Maj. J. F. Curry, commanding 
officer, McCook Field. This first public 
demonstration of the Army’s new quick photog- 
raphy apparatus was made when the Army plane 
flew over the crowd of members assembled to 
form the initials S A E. 


Preliminary deductions from coopera- 
tive road impact tests conducted by the 
Bureau of Public Roads, the Rubber 
Association, and the SAE were re- 
ported in a Summer Meeting paper by 
James A. Buchanon of the Bureau and 
J. W. Reid of the Rubber Association. 
The preliminary deductions included: 

(1) Thickness and narrowness of 
tread rubber are desirable in reducing 
road-impact reaction; (2) Increasing 
thickness of profile height of rubber 
has a very marked effect in reducing 
road-impact reaction in both single 
and dual mountings: (3) Dual- 
mounted tires should always. be 
mounted with tread designs staggered; 
(4) Appreciable variation in cross-sec- 
tional rubber, or breaks in its conti- 
nuity, cause heavy repeated impacts on 
the road. 


Suggestions for avoiding carbon trou- 
ble from S. P. Marley, C. J. Living- 
stone, and W. S. Gruse of Mellon In- 
stitute of Industrial Research: (a) 


of June, 1926 


keep oil consumption at a minimum; 
(b) avoid excessive and irregular cool- 
ing; (c) keep fuel-air mixture on the 
lean side of smooth operation; (d) use 
the oil that is the most volatile among 
those of the same viscosity. (In paper 
on “Influence of Temperature, Fuel, 
and Oil on Carbon Deposition.”’) 


Described at the Summer Meeting by K. D. 
Chambers of Asheville, N. C. was a comple- 
mentary-color headlighting system. In it, each 
lamp is oval and contains two paraboloid re- 
flectors, one emitting light through an orange 
glass filter, the other through one of blue glass. 
While driving at night, the driver looks through 
a viewing-filter of transparent glass of the same 
color as that of the headlight which is in use. 


“Street cars used to be purchased for a 
life of 20 years, and it was not unusual 
to run them for 10 years or longer,” 
says Alexander Shapiro of Washington 
Rapid Transit Co. in his paper ‘Prob- 
lems of Intercity Motorcoach Opera- 
tion.”” Some motor coach builders, he 
noted, have tended to produce vehicles 
on the same plan. 

“If the public wants a vehicle that 
resembles a passenger car,” he went 
on, “should we not encourage the 
building of motor coaches that will 
have a life of only four or five years 
at most—and give every opportunity 
for continued improvement of models 
rather than to have a large investment 
tied up in high-priced equipment 
which would prevent buying more up- 
to-date equipment?” 


Measurements of axle accelerations and dis- 
placements indicate the need of concentration 
at this time on the correlation of the various 
factors entering into riding qualities. How- 
ever, a finite evaluation cannot be reached 
without investigation of physical and mental 
effects. The need for such an investigation is 
apparent.—Roy W. Brown in “Instrumentation 
and Results of Riding-Qualities Tests.” 


Lis 


v 
There’s a better life waiting for you and your fam- 
ily in Southern California—at Lockheed. Here, in 


beautiful, sun-swept San Fernando Valley, you find 
living and working conditions beyond compare. 


So why not enjoy both your work and your life in 
Southern California? Lockheed’s long-range produc- 
tion program has created many new openings. En 
gineers are needed immediately on commercial and 
military aircraft. 


What's more, higher salary rates are now in effect. 
Lockheed also offers generous travel allowances 
to those who qualify. Full pay if additional training 
necessary. 


Armament Engineers 

Airplane Specifications Engineers 
Electronics Engineers 

Aircraft Design Engineers 

Stress Engineers and Analysts 
Production Design Engineers 
Engineering Technical Writers 
Flight Manuals Engineers 
Aircraft Equipment Engineers 


Positions 

now 

open 
include: 





Send today for free illustrated booklet, describing 
the wonderful living and working conditions at 
Lockheed in Southern California. Use coupon below. 


Mr. M. V. Mattson, Employment Manager, Dept. 5 


LOCRHEED 


AIRCRAFT CORPORATION 
BURBANK, CALIFORNIA 





Please send me your free illustrated booklet describing 
the better living and working conditions at Lockheed. 





Name 





Street Address 














City and State 
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ell as possibility of exhaust gas leak- 

ge into vehicle, are considered very 
mportant. 

The speaker concluded with some 

pservations of the human element in- 

olved. Young drivers have better 
ight vision than older drivers, and 
ight vision decreases quite rapidly as 
ne gets older. On the other hand, 
there is no important difference in re- 
action times by age levels. Older per- 
sons are emotionally more steady and 
less excitable. All age classes are af- 
fected by excessive smoking, drinking 
and eating, all of which contribute to 
greater fatigue. 

McFarland drew on his extensive 
aviation experience in pointing up 
many parts of his discussion. He has 
been medical coordinator of Pan 
American World Airways System since 
1937. He is also a member of the op- 
erating committee of the National Ad- 
visory Committee for Aeronautics and 
the President’s Conference on Indus- 
trial Safety. 

This meeting was arranged for and 
presided over by D. F. Geisey, Pas- 
senger Car & Body Activity vice-chair- 
man. 


Tells CAA Role 
In Air Safety 
@ Mohawk-Hudson Group 
D. C. Peroutky, Field Editor 


The role played by the Civil Aero- 
nautics Administration in aviation 
safety was interestingly portrayed by 
one of its agents, E. N. Morey, at a 
Section meeting at the Albany Airport. 

The speaker pointed out that few 
who make use of air transportation 
realize the behind-the-scenes activities 
that are constantly in progress to as- 
sure the high degree of safety in air 
travel that is possible today. The re- 
sponsibility for maintaining that safety 
is vested in the Civil Aeronautics Ad- 
ministration. Its job is to test and 
certify the competency of pilots and 
other specialized aviation personnel; 
inspect and determine the airworthi- 
ness of flying aircraft; staff and main- 
tain air traffic control centers; and, in 
many cases, aid in the building and im- 
proving of landing fields. The CAA 
works closely with the Civil Aeronautics 
Board, which has the job of promulgat- 
ing the Civil Air Regulations and con- 
sidering the applications of airlines 
for routes and rates. The CAA, in 
cooperation with the CAB, also investi- 
gates major air accidents and prose- 
cutes violations of the Civil Air Regu- 
lations. 

In addition to these tangible but 
often overlooked activities, the CAA 
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IMPORTANT 


precision 
production 


For more than 35 years The Pierce Governor Company, Inc. of 
Anderson, Indiana, has excelled in the design, engineering, 
and production of important parts for the Automotive and 
Aircraft industries. Today's production features: 





Sisson Automatic Chokes 
Complete line of precision engineered chokes for the automotive 
industry —original equipment and replacement parts 

Famous Pierce Governors 


Pierce centrifugal-mechanical and hydra-mechanical governors for 
gas, gasoline and Diesel engines—automotive and industrial. 


Aircraft Engine Controls 


Design and manufacture of precision hydraulic and mechanical 
fuel control systems for leading aircraft engines 


Hydraulic Transmission Controls 


Manufacture of sensing mechanisms for hydraulic transmissions 


Let Pierce's precision engineered products 
and manufacturing facilities solve your 
problem! Write... 


Pi . The Pierce Governor Co., Inc. 
’ ‘ Anderson, Indiana 
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ENGINEERS 
DESIGNERS 
PHYSICISTS 


The Aerophysics & Atomic Energy 
Research Division of North Amer- 
ican Aviation, Inc. offers unparal- 
leled opportunities in Research, 
Development, Design and “Test 
work in the fields of Long Range 
Guided Missiles, Automatic Flight 
and Fire Control Equipment and 
Atomic Energy. Well-qualified en- 
gineers, designers and physicists 
urgently needed for all phases of 
work in 
SUPERSONIC AERODYNAMICS 
PRELIMINARY DESIGN 
& ANALYSIS 
ELECTRONICS 
ELECTRO-MECHANICAL 
DEVICES 
INSTRUMENTATION 
FLIGHT TEST 
NAVIGATION EQUIPMENT 
CONTROLS 
SERVOS 
ROCKET MOTORS 
PROPULSION SYSTEMS 
THERMODYNAMICS 
AIRFRAME DESIGN 
STRESS G STRUCTURES 


Salaries Commensurate with train- 
ing & experience. 

Excellent working conditions. 

Finest facilities and equipment. 


Outstanding opportunities for ad- 
vancement. 


Write now — Give complete 
resume of education, back- 
ground and experience 


PERSONNEL DEPT. 


AEROPHYSICS & ATOMIC 
ENERGY RESEARCH DIV. 


North American Aviation 


INC. 


12214 LAKEWOOD BLVD. 
DOWNEY, CALIFORNIA 

















is taking active interest in aviation 
education. CAA professional help is 
given to a number of teacher colleges 
in tae conducting of special aviation 
courses to foster the establishment of 
air-mindedness in the coming genera- 
tion. The CAA also maintains a Tech- 
nical Development Center at Indian- 
apolis to further scientific advances 
in aviation through fundamental re- 
search, applied development, and pro- 
duction engineering. 

Morey illustrated his talk with a 
movie which emphasized government 
responsibility in aviation safety. Fol- 
lowing the movie, and assisted by other 
members of the local CAA staff, the 
group was taken on an inspection tour 
of the CAA facilities at the Albany 
Airport. The air traffic control tower 
was visited for first-hand inspection 
of the facilities and methods used to 
control local air traffic around the Al- 
bany Airport. The role played by the 
air traffic control center in regulating 
traffic on the Federal airways in the 
Albany region was demonstrated. The 
means for obtaining weather informa- 
tion to aid in the safety of air travel 
was emphasized by inspection of the 
Airport’s weather station. 


Describes Features of 
New Chrysler Engine 


April 24—‘‘Performance, efficiency, dur- 
ability and general operating charac- 
teristics of new Chrysler Vee _ type, 
8-cyl engine are outstanding” said 
guest speaker W. E. Drinkard, depart- 
ment head, Chrysler Laboratories, at 
this meeting of the Pittsburgh Section. 

Following closely the paper “De- 
velopment Highlights & Unique Fea- 
tures of the New Chrysler V-8 Engine”’ 
which he co-edited with M. L. Carpen- 
tier and presented at the SAE National 
Passenger Car, Body and Materials 
Meeting in Detroit, Drinkard discussed 
in detail the various features of this 
new valve-in-head powerplant. 

Most interesting of these were the 
hemispherical combustion chamber de- 
sign, cam and valve mechanism design, 
high volumetric and thermal efficiency, 
low heat rejection to the coolant, main- 
tenance of high performance when 
combustion chamber deposits have ac- 
cumulated, and the high compression 
ratio (7.5-1) without requiring the use 
of premium grade gasoline. 

During the open discussion period, 
decided interest was shown in the 
water-heated throttle valve, Drinkard 
claimed that it had definitely elimi- 
nated carburetor icing. 

In response to a query about bearing 
material and design, it was revealed 
that the same bearing materials as 
previously were used, but increased 
fatigue resistance was gained by re- 
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A correctly installed HI-SHEAR 
rivet visually reveals a collar } 
neatly trimmed, the right pin | 
length and the proper grip. _h 
aia 









RIVETS 


HI-SHEAR rivets are visually 
inspected. If the outside ap- 
pearance is correct the inside is 
correct. If anything is wrong 
with the installation it can be 
seen. An incorrectly installed 
rivet is easily replaced. 


No special inspection tools or 
gages are required. Torque 
checks are eliminated. Inspec- 
tion of HI-SHEARS permits a 
rapid and accurate check for 
good workmanship. 


Other HI-SHEAR features 


@ HI-SHEAR design means smaller fit- 
tings and lighter structure. 


@ Reduces ports and machining—they 
mold to a rough or sloped surface. 


@ Draws the work together. 


@ Offers a broad range of styles and 
sizes. 


@ Permits smaller and lighter riveting 
equipment, hence, less worker 
fatigue. 


@ Installation speed — six HI-SHEARS 
to one bolt. 


@ = Allows installation accessibility. 


U. S. and foreign patents — Trademork registered 


"SSSA OCC?” WNET TOOL CO. 


8924 BELLANCA AVENUE 
LOS ANGELES, CALIF 
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ucing the top limit of the babbitt 
hickness tolerance. 

The inevitable miles-per-gallon ques- 
ion brought the statement from the 
peaker that the new V-8 engine would 
ieliver about 1 to 142 more mpg than 
heir equivalent in line L-head eight 
ylinder motor. 

More rapid oil warm-up ‘is achieved 
through the smaller crank case and 
larger piston area, thus minimizing 
engine wear during cold weather starts. 
No change was made by Chrysler in 

their recommendation of type of crank- 
case oil for the new engine. 

Although the engine was designed to 
operate on regular grade gasoline, an 
increase of approximately 5 bmep was 
said to be obtainable at the low speed 
range by the use of premium fuels. 

Murray Fahnestock, editor of Ford 
Field Magazine, proved that coming 
events really do cast their shadows 
ahead when he reminded the audience 
that Alex Taub, a former Chevrolet 

engineer, had appeared before the 
Pittsburgh Section several years ago 
discussing ‘Mechanical Octanes.” At 
that time, Taub claimed that too little 
emphasis had been placed on reducing 
the octane requirement for a given 
compression ratio, by more expert de- 
sign of the combustion chamber. He 
said that the petroleum people had 
done a wonderful job in producing 
chemical octanes with, of course, a 





lower yield and increased cost; but that 
the automotive engineers had over- 
looked the possibilities in “Mechanical 
Octanes” by advanced combustion 
chamber design. Chrysler has, of 
course, done just this, so it appears 
that those attending SAE meetings 
regularly might well get the news of 
automotive developments before they 
happen. 

The large attendance and active dis- 
cussion period attested to the keen 
interest in new passenger car power- 
plant developments. 


Tells Fleet Experience 
With Diesel-Powered Buses 


May 3—In 1946, diesel-powered buses 
comprised 6%, and in 1950, 46%, of the 
fleet of The Connecticut Co., according 
to Robert H. Fraser, who discussed 
diesels in transit systems at this meet- 
ing. This large increase in only four 
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THE WILLIAM HARRIGAN (0. 
RUTHERFORD, NEW JERSEY 


Telephone Rutherford 2-0011 
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A direction signal light must do more 
than attract attention. It must demand it! 

TUNG-SOL Flashers give signal lights 
compelling authority—in fact, have been 
doing it for more than twelve years on 
nearly 10,000,000 automobiles. 

Two outstanding safety features of the 
TUNG-SOL Flasher for direction signals 
are instantaneous starting and provision 
for an instrument panel pilot light. The 
pilot light blinks in unison with the sig- 
nal—assures the operator that his signals 
are working. 


Small, rugged and highly dependable, 





ALSO AUTO LAMPS, ALL-GLASS. SEALED BEAM LAMPS AND ELECTRON TUBES 


TUNG-SOL 


the TUNG-SoL Flasher can be conven- 
iently located in the electrical system 
and for all practical purposes, forgotten 
Having but one moving part, it rarely 
requires attention and usually ends up in 
an automobile graveyard, still in good 
condition. 


TUNG-SOL Flashers are made in a vari 
ety of types and for voltages from battery 
operation on up. Write for more informa- 
tion. TUNG-SOL LAMp Works INC., 
Newark 4, N. J., Sales Offices: Atlanta, 
Chicago, Dallas, Denver, Detroit, Los 
Angeles, Newark. 


SIGNAL FLASHERS 
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years resulted from the diesel’s proved 


fuel economy and ability to match 
maintenance costs with gasoline-en- 
gined vehicles. 

This company’s diesel experience 
began in 1939 with two units so pow- 
ered. Operating costs of those early 
vehicles was 3.533¢ per mile, against 
4.312¢ per mile for gasoline units. As 
newer units were added in the next 
few years, comparable costs were 2.50¢ 
per mile for diesel and 3.14¢ for gaso- 
line-powered jobs. 


According to Fraser, fuel cost per 
mile is the predominant deciding factor 
when selecting the type of power to be 
used. Fuel savings in approximately 
the first year of operation should just 
about wipe out the diesel engine’s 
higher first cost. 

Data on maintenance proved inter- 
esting. Per-mile cost of maintenance, 
excluding tires and inspection, aver- 
aged 3.04¢ for diesel and 2.98¢ for 
gasoline, for all practical purposes a 
stand-off. Actual miles per mechani- 
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Stenderd and Special Ball Thrust Bearings * 
Anguler Contact Bell Bearings * Special 








Rollar Bearings * Ball Retainers * 
Hardened and Ground Washers 
Sleeves * Bushings * Miscell 
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Protected by U.S. 
Patent Nos. 1,958,725 
ond 2,140,818 





AETNA BALL AND ROLLER BEARING COMPANY 


4600 Schubert Ave. + Chicago 39, Illinois 


IN DETROIT: SAM T. KELLER 
2457 Woodward Avenve 








cal failure were approximately 50°‘ 
more in the case of the diesel units. 

The speaker added comments of ; 
general nature valuable to all diese 
bus fleet operators. Detergent oils ar 
necessary, and use of premium fue! 
may often perform a good job o:! 
public relations through reduction iz 
smoke and odor. The latter is espe 
cially desirable when operations ar 
largely urban in character. Driver 
generally prefer diesels, but some be- 
lieve them too noisy. Precautions t 
avoid excessive idling are necessary 
since engines with piston cooling ar 
subject to overheating under idle con- 
ditions. 

This meeting was arranged 
by L. F. Moody, Jr. and Neil P. Flynn 
vice-chairman respectively for Diesel 
Activity and for Fuels and Lubricants 
Activity. Richard S. Woodbury, assist- 
ant vice-chairman for Diesel, presided 


jointly 


‘‘Automation” is Topic 
of Ford Engineer’s Talk 


April 24—‘Automation” was defined 
as extensive use of mechanical means 
of moving work from one machine to 
another or from one station to an- 
other on a given machine by Ford’s 
H. A. Franke. Election of 1951-1952 
Section officers was announced at this 
same meeting at which Franke spoke 

Many methods of moving work me- 
chanically are used at Ford, this Staff 
Automation Engineer said. It has 
been applied, for instance, to simplify- 
ing blank feeding of the presses, re- 
moval of formed parts, and to trans- 
mission of these parts through form- 
ing, trimming and welding operations. 
Franke showed slides to depict visually 
what has been accomplished. Direct 
saving in manpower-hours was a main 
result described by Franke. 

Section officers for 1951-1952 Sec- 
tion year were announced as follows: 
R. W. Morgan, chairman; C. J. Lane, 
vice-chairman; B. Frente, Secretary 
and Treasurer. 


Tells Military Uses 
Of Light Aircraft 


Kibbey, Field Edit 

April 17—Most of the members present 
at this meeting were surprised at the 
numerous uses to which light aircraft 
are put by the U.S. Army. They serve 
as spotters to detect enemy movements, 
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Here’s PROOF that Koppers K-Spun 
Piston Rings are TWICE AS STRONG! 











HERE ARE THE AMAZING RE- 
SULTS OF ACTUAL LABORATORY 
TESTS COMPARING ORDINARY 
GRAY IRON WITH KOPPERS 
K-SPUN, THE MIRACLE METAL! 





+ 
—— 


Koppers K-Spun material shows a max- 
imum working stress of 90,000 psi, 
compared with a maximum working 
stress of only 40,000 psi for ordinary gra) 
iron piston ring material! Note the differ- 
ence in the slopes of the two curves, due 
to K-Spun’s increased modulus. K-Spun's 
yield point, though approaching ultimate 
strength, is low enough to allow a small 
percentage of elongation, resulting in 
toughness and impact value many times 
greater than that of ordinary gray iron. 
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TABLE 1—TRANSVERSE MODULUS AND RUPTURE STRESS 











Koppers K-Spun Material fie, 1 Gray tren HERE is a ring that provides better oil control, lasts far 
TRANSVERSE MODULUS TRANSVERSE MODULUS longer than ordinary rings, is guaranteed against breakage for the 
at at life of the engine! Read for yourself these facts and figures, devel- 

40,000 60,0004 90,0004 | 40,000+ 60,0004 90,0004 : : 
psi psi psi psi psi oped in thorough laboratory tests . . . clear demonstration that 
22.0x 10° 20.6x 10° 18.6x 10° | 124x10° 108x10° ... ..., K-Spun Rings are 100° stronger and four times more resistant to 
coven eta eee combustion shock than ordinary rings! Get the facts on Koppers 
a ae K-Spun Piston Rings for your engine today ... write for com- 











plete information to: KOPPERS COMPANY, INC., Piston Ring 


TABLE 2—HARDNESS, IMPACT AND TENSILE STRENGTH Dept., 1526 Hamburg St., Baltimore 3, Maryland. 








Koppers K-Spun Material No. 1 Gray Iron 
Tensi Hard | Tensil ° 
Hardness impact Tensile | Hardness Impact Tersie,|  K-SPUN IS AN ENTIRELY DIFFERENT KIND OF RING MATERIAL 
100-103 ~<9.5- 9.5 75,400 | 102-108 25-80 42,000 These microstructures, magnified 250 times, 


99-100 §=11.0-11.5 72,900 103-104 2.5-3.0 40,000 
105-106 7.0- 5.0 76,000 101-103 3.0-3.0 41,000 
99-102 7.0- 8.0 79,100 103-105 2.5-3.0 42,000 
98-100 8.5-10.0 76,500 104-105 3.0-3.0 42,300 
103-104 6.0- 7.0 77,500 102-103 3.5-3.5 38,000 
101-102 7.0- 8.5 78,000 104-105 2.5-2.5 40,000 


show the basic difference between ordinary 
cast iron and Koppers K-Spun. Top photo 
shows individually cast gray iron, containing 
spiral flake graphite with long stringers in a 
fine pearlitic matrix. This fine flake graphite 
imparts to the metal many planes of weakness, 
causing low resistance to combustion shock. 














POROUS CHROME PISTON RINGS 
..- another Koppers Exclusive! 


Koppers Porous Chrome Rings reduce cylinder wall wear 50°; 
or more by actual test! Famous Van der Horst Plating Process 
provides a porous chrome surface that distributes oil for 
. better lubrication during break-in, 

wears down to perfectly seated 
solid chrome that gives up to four 

a times as much service between over- 


KOPPERS |) Soeticfcsaensy 


Bottom photo shows K-Spun, cast by an 
exclusive centrifugal process. Note large nod- 
ular type of graphite formation and absence 
of stringers. Large graphite nodules eliminate 
the many planes of weakness inherent in most 
cast iron . . . double impact resistance and 
elasticity ... increases wear resistance by far... 
in amazing Koppers K-Spun Piston Rings! 





KOPPERS pisrow nines 


SAE JOURNAL, JUNE, 1951 





103 








1Ci 


Y OF M 


tL1T 


UNIVEF 








and are an important factor with the 
artillery units as target finders and in 
the direction of artillery fire. They 
carry excellent two-way radio equip- 
ment and are in contact with the 
ground force, artillery, headquarters 
and air corps planes during engage- 
ments. They assist high-level bombing 
through their ability to find objectives 
and radio positions. They have often 
assisted the signal corps by laying tele- 


phone wire over rough terrain which 
ground crews could not cover. 

This information was revealed by 
Major Michael J. Strouck of Army 
Ordnance, who also had much to say 
regarding the responsibility of the 
Ordnance Department to all branches 
of the service and the maintenance 
setup as related to aircraft and other 
vehicles. He has been instrumental in 
promoting the specialized uses for light 








lications. 


Spring 
of FULL OIL CLEANSING. 








in this new series 


of Calane Ads omen ag in leading automotive pub- 
They tell mechanics why the exclusive 
and Cone are essential to the DeLuxe Method 
They show how the DeLuxe 
Spring prevents cartridge collapse ... how the 
DeLuxe Cone feeds oil the LONG WAY - from bottom 
to top - for FULL OIL CLEANSING . ee 


a 
DOW tate wz edt Dat 


of your DELNKE! 


The Spring-and-Cone are indispensable to the DeLuxe Method of 
Oil Cleansing. That's why in DeLuxe Filters, genuine DeLuxe 
OF YOUR DELUXE FILTER IS THE Cartridge performance defies comparison. Both are vital to the DeLuxe 
long travel method of oil cleansing the Cone to uniformity feed 
"Cyrwina Dea oil from bottom to top of filter, the Spring to prevent collapse 
ann CONE in order to maintain uniform flow of oil. Write for FREE 
WITH WTS EXCLUSIVE “Key to Clean Lubrication’? BOOKLET containing all the facts 
on filter operation and diagnosis. DELUXE PRODUCTS CORP., 
1413 Lake St., La Porte, Indiana 






THE MEN WH KNOW THE ANSWER 


R-5513 








i 


WITHOUT SPRING WITH SPRING 
Coll Cartridge 


NO COLLAPSE! 
Cotton is kept at proper 
density for oil to flow 
thru at proper rate 


OLLAPSES 


and COLLAPS| | Flow 











Patented DeLuxe Spring is no ordinary spring. It is 
made to exacting tens.ons proven essential through labo- 
ratory and road tests to prevent collapse or wadding of 
cotton as oil is passed through it. 


a peng who Knows the Answers! 





BUS OPERATORS ARE MEN WHO KNOW! Year after year they vote DeLuxe the Number One Filter as indicated by the Win 
ners of Bus Transportation Mamtenance Awards Of 2] winners mm 1950, 17 were DeLuxe Users Year after year it's the same story 
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planes in the Army and more recent; 
has given a large part of his time t 
the investigation of rotating wing an: 
convertiplane types. He said experi 
ence with the rotating wing type in th: 
present Korean campaign has prove 
its value. Much material was move 
up to the front lines which would noi 
have arrived in time if it depended 
entirely on ground transportation 
Helicopter evacuation from the batt) 
front has saved many lives of wounded 

Strouck said the diversified all-round 
uses of both fixed and rotating wing 
type vehicles place them in an indis- 
pensable category, and that the com- 
manding officers now would have diffi- 
culty in conducting a campaign of any 
kind without their assistance. 

After his talk, Strouck served as nar- 
rator for a colored movie provided by 
Hiller Co., shewing their ramjet heli- 
copter—a two-place vehicle with a 
huge plexiglass bowl that gives un- 
limited vision. The ramjet engine 
weighs 11 lb and develops 30 lb thrust. 
It is mounted 12 ft from center of 
rotor, an arrangement which produces 
a gyroscopic effect that gives the craft 
more stability than the conventional 
engine-driven type. 


Tells Current Status 
Of Synthetic Rubber 


® Washington Sect 
Louis Reznek, Field Editor 


April 14—Members present at _ this 
meeting received an insight into the 
Government’s rubber program and re- 
cent developments in synthetic rubber 
production from Carl W. Gay, assistant 
manager of the research and develop- 
ment division of the Office of Rubber 
Reserve. Gay spoke on “Synthetic 
Rubber for Transport Purposes.” 

The paper indicated that the present 
demand for GRS exceeds the supply 
and this is one of the main reasons for 
distribution being controlled by the 
Government. The production of GRS 
in April 1950 was 25,000 long tons per 
month; in April 1951 it was 50,000; and 
in July 1951 it is scheduled to reach 
63,000. Present plans call for about 
860,000 long tons of GRS in 1952. 

The speaker also discussed tests being 
conducted by the Army at Fort Bullis, 
Texas, to determine the characteristics 
and suitability of various types of syn- 
thetic rubber for various designs of 
army vehicles. The tests cover wheeled 
vehicles principally, but tests on track- 
laying vehicles are also being con- 
ducted. The tests cover both off-high- 
way and highway work and the tests 
already conducted seem to indicate 
that some synthetics are suitable for 
tires of all sizes for military purposes. 
This may not, however, be applicable 
to commercial vehicles because of their 
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TO KEEP THEW ON EE G@ 


The No. 1 Job of the Automotive Industry 


America learned the hard way in World War II 
the value of proper wheel balancing and aline- 
ment in keeping America’s vital transportation 
on the go! Again the automotive industry is 
faced with the big job of keeping America’s 
passenger cars, trucks, fleets and military ve- 
hicles on the job... by preventing wasteful tire 
and steering parts wear. 

Tire-saving . . . car-saving . . . is where 
“‘Bear’”’ fits into the picture. For over 20 years 
the automotive industry has accepted ‘‘Bear”’ 
Safety Service Systems as the nationally recog- 
nized and proven method of alinement and 
steering correction. 

Recognized as aneces- 
sary precaution yester- 
day, ‘‘Bear’’ Alinement 
Service is indispensable 
today . . . not only in 
saving precious rubber 


é STATIC ANDO DY i DRIVE - OVER 
c NAMIC WHEEL - ALINEMENT 
> BALANCERS _ 





The Skilled Manpower To Keep Them nation on wheels and 
On The Go. : : 


Any equipment is only as good as the man operating . 
it. That's why for over 20 years" Bear’ has maintained rials. For further infor- 
the famous *‘Bear"’ School in Rock Island. Every 
year hundreds of factory trained mechanics are 
turned oul qualified as specialists in frame straight 
ening, wheel alinement and balancing. Today, with S-10, Rock Island. III 
the manpower situation lightening up, Bear” is 3 , ’ 
ready to help provide enough trained mechanics to 

meet the demands of the automotive service industry 


but also in saving wear and tear in vital front- 
end and steering parts 

To do this all-important job it takes ma- 
chines and men. “‘Bear”’ is ready with a com- 
plete range of balancing and alinement equip- 


ment ... up-to-date scientific techniques 
the training facilities for turning out more 
skilled mechanics and the Golden “‘Bear”’ 


Program for educating the nation to the ur- 
gency of the situation and the necessity of 
wheel balancing and alinement 

All of these services, backed by the experi- 
ence of ‘‘Bear’’ Technicians and Engineers can 
help you in keeping the 


saving critical mate- 


mation, write; ‘‘Bear’’ 
Mfg. Company, Dept 





EWE a 


COMPLETE ALINE 


WHEE a MENT AND FRAME 
STRAIGHTENER :o STRAIGHTENING 
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higher speeds and heavier loads. 

The Office of Rubber Reserve is indi- 
cated as being particularly interested 
in four phases of rubber development: 
(a) The use of low styrene polymers 
for tires; (b) the development of poly- 
mers for large tires; (c) the use of cold 
rubber in tubes; and (d) the extension 
of the supply of GRS by master-batch- 
ing with oil by adding 25% oil to the 
liquid synthetic latex. 

Gay said tests have indicated that 
synthetics with much lower styrene 


content can be used without sacrifice 
in quality but that this results in more 
difficult processing. The charts and 
tables presented with the paper de- 
veloped the subject in quantitative 
terms and pointed up the fact that 
there are new processes and synthetics 
being developed which, in conjunction 
with processes already in use, will 
alleviate the shortage. At the same 
time increased production and substi- 
tution of more readily available types 
will bring production in line with needs. 




















Confidence 
Abroad 


Transport operators all over the world have 
learnt to trust this sign. 


In any language the letters on the C.A.V. sign stand for first-rate service facilities, 


maintained by highly-trained craftsmen, using special precision equipment. 


Wherever vehicles fitted with 
C.A.V. Fuel Injection Equip- 
ment are exported — whether to 


Trondheim, Santiago, Hong-Kong 


or Sydney—there’s a service agent 
or depot to give it the specialist 


attention needed for 


such _high- 


precision equipment. 





Fuel Injection and Electrical Equipment 


Service Depots throughout the World 











C.A.V. DIVISION OF LUCAS ELECTRICAL SERVICES INC., NEW YORK 19, N.Y. Sales Office: 14820 DETROIT AVE., 
CLEVELAND 7, OHIO 
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TWA President Speaks 
On Air Transport Progress 


® Baltin 


April 12—Over 150 SAE members and 
guests, including representatives of 
most of the major airlines and of 
other local companies, were present at 
this meeting to hear Trans World 
Airline’s president Ralph S. Damon tel! 
of his recent experiences as a world ai! 
traveler. 

He told of the great contributions of 
the airplane not only in cutting down 
distance, but in bringing about closer 
understanding among different peoples. 

Damon said the airlines are carrying 
more people abroad than ever before, 
and doing it more efficiently. They 
have finally reached a long-sought goal 
of public acceptance of the availability, 
reliability, and safety of air travel. He 
is sure that 1951 is going to be the 
greatest year yet for overseas air travel. 

Chairman Raymond T. Long pre- 
sided, and Vice-Chairman for Aviation 
Albert S. Polk arranged the meeting 
and introduced Damon. Also at the 
speakers’ table were Earle Constable. 
TWA treasurer; Robert L. Rummel, 
TWA chief engineer; Donald Benson, 
chief engineer of Northwest Airlines: 
C. C. Pearson, president of Glenn L. 
Martin Co.; Gen. Donald Connally, di- 
rector of Baltimore City Airports; Capt. 
C. H. Schildhauer, aviation director of 
the Baltimore Chamber of Commerce: 
and George Coleman, Section vice- 
chairman. 


Stresses Importance 
Of Gear Lubricants 


‘ 1 Cea 
@ \ uthern California : Tt 


March 15—The development of auto- 
motive gear lubricants is closely as- 
sociated with the trend toward higher 
loads and speeds in modern automotive 
equipment, said John M. Stokely, senior 
research engineer, California Research 
Corp. 

Stokely said that the contrast be- 
tween lubrication of an automotive en- 
gine and the rest of the vehicle is quite 
striking. The motor oil is normally 
changed many times for each gear oil 
change or bearing packing. The en- 
gine is provided with forced feed lubri- 
cation, while complex gear cases are 
provided with crude dip or splash 
methods of lubrication. Another ex- 
ample is the few ounces of grease pro- 
vided in wheel bearings which are ex- 
pected to perform satisfactorly for 
long periods of time under extreme 
variations of temperature and at heavy 
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prints from this or other Logbook pages are available for your files. Request them from our Redwood City, California office 
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Oil Seals and “O” Rings are vital components : 

in the new hydraulic steering gear S 

>~ 

The sealing problems encountered in the ~ 


outside the spherical bearing (E) on the 





new Gemmer Steering Gear units are many 
and varied. There is a complete hydraulic 
system with a complexity of regulating 
valves in addition to rotating, oscillating 
and eccentric shafts. Spur and worm gears 
are lubricated in regular manner and hence 
must be isolated from the hydraulic system. 


The cut-away drawing (Fig. 1) shows ar- 
rangement of spur and worm gears and the 
position of actuating valves and the hy- 
draulic cylinders which power the mecha- 
nism. There are a total of four National 
Syntech Oil Seals and 25 “O” Rings used 
in this mechanism. Two National Syntech* 
240,000 series springless oil seals are lo- 
cated on the shaft (A&B) which operates 
the pitman arm. A third Syntech 240,000 
seal is located between the lower spur gear 
and the worm drive (C). This arrangement 
isolates the worm gear from the spur-gear 
compartment, permitting separate lubrica- 
tion of these gears. 


A Wational Syntech rubber-covered, 
spring-tensioned oil seal (D) is located just 


* Trade Mark Registered 


steering-post shaft. As the steering wheel 
is turned, this shaft rotates and also moves 
angularly to actuate the hydraulic valves. 
The angular movement is developed by 
the tendency of the upper spur gear to ro- 
tate around the lower one, causing the op- 
erating block (F) to open or close the valves 
(G). The National 350,000 Syntech Oil 
Seal is subjected to constant and varied 
eccentric shaft movement. 


All the oil seals in this application are 
subjected to varied pressures up to 50 psi 
which, because of relatively slow shaft 
movements, is well within their perform- 
ance capabilities. 

Providing good bearing protection under 
operating circumstances of this kind is a 
real tribute to the performance capabilities 
of National Syntech Oil Seals. The sealing- 
lip design provides the utmost of flexibil- 
ity and at the same time effects a positive 
seal around the shaft despite the eccen- 
tricity. 

The Gemmer Power Steering Gear is an 


outstanding new mechanical device and it 
offers a striking example of economical 
design insofar as oil seals are concerned. 
Three of the oil seals being used are regu- 
lar stock designs, hence considerable time 
and special engineering were saved during 
the course of its development. If you have 
a sealing problem of any kind, National 
Oil Seal engineers will be glad to cooperate. 


“Let Your Decision be Based on Precision” 


NADIoNAL 


OIL AND FLUID SEALS 





NATIONAL MOTOR BEARING CO., INC. 


General Offices : Redwood City, California 
Plants: Redwood City, Calif.; Downey (Los 
Angeles County), Calif.; Van Wert, Ohio 
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CALL IN A NATIONAL ENGINEER FOR RECOMMENDATIONS 


BUFFALO, N. Y. 
CHICAGO,ILL. . 
CLEVELAND, OHIO 
DALLAS, TEXAS 
DETROIT, MICH. _— 
DOwNEeEY (Los Angeles Co.), CALIF. 
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Room 1124, Prudential Bldg., Mohawk 9222 

‘ Room 2014 Field Building, Central 6-8663 

. 210 Heights Rockefeller Bldg., Yellowstone 2-2720 

302 Highland Park Village, Justin 8-8453 

726 Lothrop Avenue, Trinity 1-6363 

11634 Patten Rd., Topaz 2-8166 
WICHITA, KANSAS 


MILWAUKEE, WISs. 


PHILADELPHIA, PA 


SYRACUSE, N. Y. 


NEW YORK City, N. Y. 


REDWOOD Clty, CALIF. 
WEST SPRINGFIELD, MAss. 


519 South Broadway, Wichita 2-6971 } 


647 West Virginia Street, Broadway 1-3234 
122 East 42nd Street, Lexington 2-8260 


401 North Broad Street, Bell-Walnut 2-6997 


Broadway and National, Emerson 6-3861 
1025 Elm Street, Springfield 2-1881 
P.O. Box 1224, Baldwinsville 662 
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Lisle Magnetic Plugs more than 
pay for themselves by cutting 
down service costs during the 
critical break-in period. The 
powerful, permanent magnet in 
the Lisle Plug pulls abrasive 
metal particles out of the lubricant and holds them 
. .. Install Lisle Magnetic Plugs as original equip- 
ment in the crankcase, transmission, overdrive, or 
rear axle —to cut costs on your service guarantee. 
WRITE for free sample 
plug for testing. Advise 


size and type of Lisle 
Plug desired. 


RESGLE (¢°20ux 


Clarinda, lowa 








loads and high rotational speeds. 
is evident, therefore, that the lub: 
cants provided for gear and chass 
parts must be able to survive in t) 
most severe conditions. 

The most common gear lubricati 
problems are oxidation or sludgin 
wear characteristics, rusting and co) 
rosion, contamination, and wash-out 
Most of the chassis lubrication point 
on automotive equipment do not rotat« 
but oscillate over a small are. Thi 
motion forces the lubricant out o 
loaded contact surface resulting i: 
wear, and increases the problems fo 
the lubricant. 

The all-purpose automotive grease: 
are relatively new in the field of lubri 
cants and as the name implies are de- 
signed to be used for all automotive 
applications. Some of the problems of 
such a lubricant are: control of tex- 
ture, prevention of rust damage, pro- 
vision of adequate anti-wear and load- 
carrying capacity, and provision of ex- 
ceptional pumpability. 

Stokely concluded by saying that a 
new truck may weigh thousands of 
pounds, but it is worn out when only 
a few ounces of metal are worn from 
vital moving parts. These parts are 
protected only by the lubricant film, 
and the vehicle operator has it within 
his power to determine whether this 
wear will occur in a few months or 
over a period of years. 





SAE Student News 





Naval Academy Club 
Completes First Year 


hd U n Nav al Academy 
W. D. Sayer, Secretary 


Activities of the SAE Club at An- 
napolis have centered during its first 
year around its internal combustion 
engines laboratory, where two groups 
have been working in research and 
mechanics. The research group began 
a project on fuel additives and com- 
bustion ratios affecting antiknock 
qualities, using CFR engines. The 
mechanics group, under supervision of 
a master mechanic, worked on a Cadil- 
lac V8 engine, a Budd diesel, a Wright 
aircraft engine, and a fluid trans- 
mission. 

With the closing of the lab for re- 
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SILICONE 





|, of the inherent stability of 
silicone rubber, Arrowhead “‘O”’ rings 
molded of this remarkable new mater- 
ial provide a long-lasting seal under 
conditions far beyond the limits of 
ordinary rubbers. For example, they 
remain flexible at -130° F.; withstand 
indefinitely, exposure to temperatures 
of 500° F. and over. They offer excel- 
lent resistance to oxidation, to many 
oils, acids, alkalies and a variety of 
chemicals. The ideally inert character- 
istic of these seals is demonstrated by 
their astonishing resistance to aging, 
even at abnormally high temperatures. 
At normal temperatures they last in- 
definitely. For superior performance 
under severe conditions, consider sili- 
cone rubber. Arrowhead’s silicone spec- 
ialists will welcome your inquiry. 


Wrile tor tncineerinc vata 


Free to Engineers —two val- 
uable new publications on 
silicone rubber and “O” 
rings. Contain complete 
technical and descriptive 
data, including typical ap- 
plications. 
































ARROWHEAD 
RUBBER CO. 


2 Division of 
National Motor Bearing Co., Inc 


DOWNEY tos Angeles County @\tiz 
“O" RINGS O SILICONES V-A+REROH-DUCTS 
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modelling early in the spring, movies, 
field trips and speakers took the place 
of these enterprises. The movies were 
on the 1950 Grand Canyon Economy 
Run and the Indianapolis Memorial 
Day Race; the speakers (both of the 
faculty): Lieutenant Hafer on gas tur- 
bines in industry, and Prof. E. J. Ziurys 
on development of an _ engineering 
project. 

The Club now has 32 Enrolled 
Students. 


University of Detroit 
Branch Has Busy Year 


Four meetings and two plant tours 
comprise the successful activities of the 
SAE Student Branch at University of 
Detroit up until the middle of April, 
1951. Chairman James R. Phelan left 
the University last November, and 
Thomas Bischoff assumed the duties 
of chairman for the latter part of the 
school year. 

The plant tours were to Packard 
last Sept. 29 and to the General Motors 
Truck & Coach plant at Pontiac on 
Nov. 1. Sixty-five members toured 
the Packard operation, while only 15 
made the longer trip to Pontiac. 

Regular meetings included an open- 
ing session on Sept. 15 which was de- 
voted to business matters of the 
Branch. Speakers at other meetings 
were: Student Branch member Robert 
Les on Chrysler’s disc brakes; Howard 
Preston, Sporting Car Club of America, 
on American and European sport car 
design and abilities; and Everett 
Moeller of Chrysler on Chrysler’s new 
V-8 engine. 


Oil Qualities and 
Aims Are Analyzed 


®@ University of Colorado 


Clayman, Field Editor 
April 11—“Even the average engineer 
doesn’t know too much about lubricat- 
ing oils,” E. R. Grassmuck of Sinclair 
Oil Co. told a meeting of the University 
of Colorado professional engineering 
societies. Participation in this meet- 
ing constituted this month’s SAE Stu- 
dent Branch meeting. 

Grassmuck’s talk preceded a demon- 
stration of the different properties of 
mineral and premium oils. He came 
from his Kansas City headquarters to 
speak to the university students. 

“No oil is any better than the re- 











finery which makes it,” according to 


Here's a fund 
of knowledge 
to help you 





STUART OIL CO. 
DEFENSE 
PRODUCTION 
EXPERIENCE 








DEFENSE production spells 
tougher materials and new ma- 
terials such as high temperature 
alloys and super stainless steels. 
Such metals and the tolerances 
and finishes required by Armed 
Services specifications bring new 
problems to plants experienced 
in civilian production. 

D. A. Stuart Oil Co. has a 
tremendous backlog of experi- 
ence in helping solve defense 
machining problems through 
correct application of the proper 
cutting fluids. 


This fund of information, 
preserved and developed, is 
available to help you if you are 
engaged in defense work. 


Use Stuart as your clearing 
house for helpful information. 


WRITE TODAY, or call 
our nearest office outlining 
your specific problems. 


Ordnance 





Transportation 








DA. Stuart fjil ©° 


2727-51 S. Troy St., Chicago 23, Ill, 
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Grassmuck, who said that no additive 
can improve the quality of the base 
oil. Continuing he said in effect: 

The only mandatory requirement for 
a premium oil is that it contain an oxi- 


dation and corrosion inhibitor. 
additives are added at the 
turer’s election. 

Additives are 


Other 
manufac- 


needed to counteract 
the bad effects of the compounds 
formed by modern gasolines. Acids. 
peroxides, tars, and gums are formed 


from the products of combustion, and 
these elements attack the parts of the 
engine while the insolubles settle out 
as varnishes and lacquers. Any good 
lubricating oil will oxidize, with the 
rate of oxidation doubling for every 
18 F rise in temperature of the lubri- 
cating oil. The inhibitors placed in 
the oil are not expected to stop this 
action, but instead are expected to re- 
tard oxidation and reduction. 

A lubricating oil must lubricate, cool, 
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Test Cells 











Write for Booklet 173-A 





FOUNDED 1884 


for information covering different 


speed ranges, and other models we 
make. 


™ Standard Flectric Time op, 


87 Logan Street 


Springfield 2, Mass. 
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seal, and clean the engine. Tl 
amount of oil used is an indication « 
the amount of wear or tightness « 
the parts in an engine. No lubricatin 
oil can stop this natural wear but if t} 
engine is getting proper lubricatior 
the oil will retard or slow down th 
wear. 

Rate of heat transfer in an engin 
is determined by thickness of the o 
film. More heat is transferred to th 
cooling medium through a thin filn 
of oil. The viscosity index is therefor: 
an important feature in any lubricatin 
oil. If the viscosity index is low ths 
oil will break down faster and will not 
properly lubricate nor transfer ths 
heat produced in the engine. 

Straight mineral oils are good lubri- 
cants, but do not retard the bad effects 
from the products of combustion 
Straight mineral oils do not disburse 
the products of oxidation, but instead, 
allow these products to form a coat 
of sludge on the cylinder walls, rings 
and other parts with which they come 
in contact. This condition is what 
may help to cause a sluggish engine 
and it also reduces the life of an engine 

Premium oils, or those oils with the 
required additives in them, will dis- 
burse products of oxidation and help 
to keep the engine clean. Premium 
oils are meant to keep a clean engine 
clean. They may be used in old engines 
that previously have been run with 
straight mineral oils, provided that it 
is known that these engines are still 
tight and have sufficient ring tension 
since a premium oil will tend to remove 
all of the carbon and sludge that has 
been formed in the engine, prior to the 
use of premium oils. 

A demonstration was then given to 
show the various and different prop- 
erties of mineral oils and premium 
oils. The discussion was then opened 
to questions from the audience. 


Field Trips Feature 
Northrop Student Year 


Trips to nearby Columbia Steel Corp. 
and Firestone Tire & Rubber Co. were 
important features of the year up to 
April lst for the SAE Student Branch 
at Northrop. 

At Columbia, on Jan. 31, the Branch 
members toured the plant in four sep- 
arate groups. Each group had a 
Columbia metallurgical engineer as a 
guide and were able to get all their 
questions answered about making and 
forming of steel. 

The trip to the Firestone South Gate 
plant on March 12 drew 92 Branch 
members, who saw tires made from raw 
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Spirolox saves machining - assembly time - parts - space - weight 









SWEET'S FILE 
for PRODUCT DESIGRERS 


you hold moving parts together Better 





...Surer, quicker, less expensively 
° — = @ 
with Soi Dore Y 


Spirolox Retaining Rings spiral into place easily. And as they do, you 
score in several wavs: The part is positioned to closest tolerance, and 
locked-in firmly . . . Yet in shop or field it is freed with the flip of a 
screw driver, and the ring is ready for re-use ... In line or hand assem- 
bly this fastening method takes much less time . . 





. Spirolox brings 
lighter, simpler, more compact machine design . . . Spirolox cuts out 
parts and machining formerly used in fastening components ... And 
—you have the satisfaction of knowing that this fastener will stay 


put... A respectable handful of betterments! 


BASICALLY RIGHT DESIGN 


When you spiral-in a Spirolox Retaining Ring, one more part is posi- 
tioned precisely and locked securely. Due to its two-turn coil con- 
struction, Spirolox locks in the groove under thrust, will carry loads 
up to its full shear strength—will not jump out or squeeze out. Due 
to the lighter weight of Spirolox, centrifugal force does not tend to 
affect its locking characteristic. 










Think of your present fastening methods; likely 
Spirolox offers you worthwhile savings and 
advantages. Send a print of your product to the 
Spirolox Application Engineer for analysis; write for 
the suggestive new Spirolox Bulletin and Spirolox 
Samples — free of cost or 

obligation, of course 






see our 


CATALOG 
iin 





gapless e concentric e requires no special tools ¢ easy-in, easy-out e re-usable e stays put 


Spirolox Retaining Rings are covered 
by United States Patent No. 2,450,- 
425 and Foreign Patents. Other 
atents ending. Copyright 1948 
amsey Corporation. 
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Product of Ramsey Corporation, for 3] Years Makers of Original Equipment and Replacement 
Piston Rings. Office: 3768 Forest Park Boulevard, St. Louis 8, Missouri. Factories: St. Louis and 
Sullivan, Missouri; Fruitport, Michigan; Toronto 8, Ontario, Canada G-2866RR 
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of ) feats from ALLIED 


SHEET METAL DIES FROM THE LARGEST TO THE SMALLEST © JIGS © FIXTURES 
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At Allied, conversion of prints to parts is a closely con- 
trolled process involving more than the individual skills and 
modern facilities normally expected on any precision contract 
work. Any Allied routing sheet or part print will show you how 
exacting process and inspection procedures dovetail with 
Allied skills, machines, techniques. 

This thorough inspection program from beginning to end 
of processing insures that each step in producing your part will 
exactly match your specified tolerances, finish and hardness. 
Such close control in every phase of manufacture avoids delays 
and rejects and adds up to three big benefits for Allied preci- 


sion part customers: economy, prompt delivery and parts that 
are trouble-free in all respects. 


ALLIED PRODUCTS CORPORATION 


. 
oe" fe, 


DEPARTMENT B-4 
e o 
. 


ALLOY DIES e 


STANDARD CAP SCREWS «© SPECIAL COLD FORGED PARTS 





* 12643 BURT ROAD @ DETROIT 23, MICHIGAN 


HARDENED AND PRECISION GROUND PARTS e ALLITE ZINC 


R-B INTERCHANGEABLE PUNCHES AND DIES 








material to finished state. Members 
stood close to operators and machines 
wherever they wished and were able 
to observe the smallest details of op- 
eration. 

At the Branch’s April 4 meeting, 
nominations were made for next year’s 
Branch officers. 


Students Hear 
Piston Ring Expert 


® University of Washingtor 
y =] 


K. W. Macdonald, Secretary 


April 3—Students present at this noon 
meeting learned of the developments 
which have brought piston rings to 
their present high standards, and got 
some tips on proper application of 
various types of rings and the service 
to which they may be put. Speaker 
was W. H. Hendrickson of American 
Hammered Piston Ring Co. 

Hendrickson pointed out some of the 
great problems that confront ring 
manufacturers at the present time. 
For instance, rings are being made 
thinner and thinner and are still ex- 
pected to have long and effective life, 
conform to cylinder walls, and act as 
heat transfer media all in one. He 
demonstrated the toughness of “K 
spun” rings by actually bending them 
through an angle of 180 deg before 
they broke. 

Students agreed this was one of their 
finest meetings. 


Aeronautical U. 
Goes to Studebaker 


® Aeronautical University 


Fred Clemens, Field Editor 


April 17 — Fifty-five SAE Student 
Branch members, accompanied by Fac- 
ulty Adviser L. W. Sims, visited the 
Studebaker plants at South Bend to- 
day. They were given a guided tour 
by Studebaker’s Charles V. Niptie, 
Edgar W. Pigg, and James W. Mc- 
Allister. _ 

The tour followed through the com- 
plete assembly operation as well as 
some of the manufacturing processes. 

In the stamping room, students saw 
large mechanized giants making front 
and rear fenders, hoods, oil pans, gaso- 
line tanks, engine support plates, and 
numerous other stampings. All the 
stampings, except the large sheet- 
metal body stampings are made in 
the South Bend plant. 

The body stampings move on over- 
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Mixermobile Duo-Way Scoop with 
dozer at one end and one cubic yard 
bucket at other 





Vickers Hydraulics are versatile . . . they provide any motion or combination 
of motions, any amount of power at any distance. Control is fast, smooth, 
accurate and reliable. The heaviest mobile equipment can be put through the 
most precise operations with no more physical effort than it takes to flip a lever. 

Hence, in designing versatile machines, manufacturers make large use of 
Vickers Hydraulics. These Mixermobile Units are representative ...they are 
100% Vickers equipped, offering the advantages of undivided responsibility 
and a nationwide organization. For information about the many ways that 
Vickers Hydraulic Pumps and Controls improve performance and cut costs on 
mobile type machinery, write for new Catalog M-5100 or get in touch with a 
Vickers application engineer. 


VICKERS Incorporated « 1440 Oakman Bivd. « Detroit 32, Mich. 
DIVISION OF THE SPERRY CORPORATION 


Application Engineering Offices: ATLANTA @ CHICAGO (Metropolitan) e CINCINNATI e CLEVELAND 

DETROIT e HOUSTON e LOS ANGELES (Metropolitan) e NEW YORK (Metropolitan) e PHILADELPHIA 

PITTSBURGH e@ ROCHESTER @ ROCKFORD e ST. LoUIS e@ SEATTLE e TULSA 
WASHINGTON e WORCESTER 


Engineers and Builders of Oil Hydraulic Equipment Since 1921 


SAE JOURNAL, JUNE, 1951 





















Mixermobile complete mobile con 
crete mixing and elevating plant 


Wagnermobile Model “C” 
one machine for six jobs 


Scoop, 
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Hydraulic Swivel Joints help to ‘aa design 





Hydraulic line fully extended, with 
turning movement taking place with 
CHIKSAN Swivel Joints. 





As the Unpacker Head travels back 
and forth, the hydraulic line folds 
and unfolds automatically. 





At the end of the stroke, the 
hydraulic line requires sharp bends 
which are possible only by using 
CHIKSAN Swivel Joints. 
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With CHIKSAN Hydraulic Swivel Joints 
you can design and build flexible hydraulic 
lines to handle pressures to 3,000 psi... and 
thereby gain advantages not obtainable by 
any other method. A typical example is the 
Ermold Automatic Case Unpacker. 


CHIKSAN Hydraulic Swivel Joints make 
possible sharp bends, thus permitting instal- 
lations where space is limited. They elimi- 
nate drag and snag. In addition, you get 
uniform low operating torque, strength and 
safety under all conditions. All-metal tubing 
assures longer life. 


There are 5 Basic Types of CHIKSAN 
Swivel Joints—a Type for every purpose. 
CHIKSAN Engineers will gladly cooperate 
with you in selecting the correct Type... 
either standard or of special design... for 
your specific requirements. 


(a) Basic Type Swivel Joints—for pressures from 125 psi. 
to 15,000 psi. (b) High Temperature Swivel Joints for 
temperatures to 500° F., working pressures to 700 psi. 
(c) Rotating Joints for 150-lb. steam, brine, etc. For hot 
ond cold rolls, tumblers, platens, etc. (d) Sanitary Swivel 
Joints for food processing, fruit juices, dairies, ete. (e) 
Hydraulic Swivel Joints for pressures to 3,000 psi. For air- 
craft, industrial and armored equipment. (f) Flexible Lines, 
designed and fobricated to meet specific requirements 


Ed b a) ¢c é d 
© f 
WRITE FOR CATALOG NO. 50-AH 


Representatives in Principal Cities 


: 
CHIKSAN COMPANY ano sussiviary companies 
NEWARK 2, N.J. BREA, CALIFORNIA CHICAGO 3, ILL. 
CHIKSAN EXPORT COMPANY, 155 WASHINGTON ST., NEWARK, N.J. 
WELL EQUIPMENT MFG. CORP., HOUSTON 1, TEXAS 








head conveyors to the assembly de 
partment where hundreds of specia 
jigs and fixtures locate and hold them 
in exactly the right position while they 
are being welded together. 

Many facilities for assuring speec 
and uniformity are previded. The stu- 
dents watched the skilled workers a: 
they performed the final welding op- 
erations. Varying grades of sanding 
belts are used as the body progresses 
down the metal finishing limes. 

In ‘the painting department, a prime 
coating, inside and out, is put on, then 
baked in an oven at 250 F for an hour 
and a quarter. Then two more coats 
of primer-surfacer, then back into the 
baking ovens. After sanding and 
wasning, the body is sprayed with two 
heavy coats of color enamel and oven 
dried at 260 F. 

The students passed through the 
upholstery department, the final as- 
sembly room, the Studebaker foundry, 
where all of the castings are made, and 
the machine shop, which is approxi- 
mately nine acres of floor space. 


Detroit Institute of Technology 


Morgan B. Lawton, manager of the 
Detroit sales branch of Lincoln Engi- 
neering Co., was guest speaker at the 
May 2 meeting of the D.I.T. Student 
Branch. He explained, with the use 
of slides, the operation of service lubri- 
cation systems for automobiles. 

At a recent coffee hour, the Branch 
heard C. E. Broders, engineering super- 
intendent of the Govro-Nelson Co., 
give an informative talk on jet turbine 
parts, their operation and manufac- 
ture. He exhibited samples of some of 
the parts his company processes. 


General Motors Institute 


The GMI Student Branch held its 
annual dinner meeting in April, with 
K. A. Stonex, head of the technical 
data department at General Motors 
Proving Ground as guest speaker. 
Stonex gave an interesting account of 
activities at the Proving Ground and 
showed a film depicting various types 
of tests and the general layout of the 
Ground. 


Manhattan College 


SAE Students ceoperated with AIEE 
and IRE students in a recent engineer- 
ing smoker. The highly successful 
affair drew an attendance of 260 and 
raised $150, donated to the Manhattan 
Scholarship Fund to help students who 
have passed their sophomore year and 
cannot continue further. Students 
provided the entertainment, and World 
Series movies were also shown. Plans 
are to make this an annual event. 

—Albert C. Dolbec, Secretary 
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How your dollars 


STRIKE BACK | S07 DESIGN, PRODUCTI, 
AT CANCER 


at Be 


‘CATALOG T-51 


1951 Edition 





through 


EDUCATION 


that saves lives 





atalog which 
OG T-51 is a brand new 52-page catalog 
i ’ . . , . a m on 
— complete descriptions and prices on — 
conti 





The American Cancer Society's 
program of Public Education 
stresses cancer’s danger signals, 
to bring people to their physi- 
cians in time; Professional 
Education brings latest facts to 
doctors, nurses, dentists. Your 
contribution to the Society also 
strikes back at cancer through 
Research and Service to the 
cancer patient. 
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@ Flexible shaft adapters pre 
actuators 
e Molded resistors 


i d caps 
-- shipping plugs o" "i 
rene ors, engine belts, gypsum produc 
' ch lathe, blowP!Pe 


st. Write today. 





e shaft combinations for power 






bulkhead fittings: 









indus- 





e Inspection mir 
trial cements, benc 





AMERICAN 
CANCER SOCIETY 






e 
Free copies sent on requ 






Mail your contribution to 


“CANCER” in care of y, o 
your local post office THE INDUSTRIAL DIVISION 


DENTAL MFG. ¢€O. Dept. J, 10 East 40th St. 
-y- NEW YORK 16, N. Y. 
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applied only to observed brake horse- 
power. 

The new Rules and Directions sheet 
is prefaced with a note that “The pur- 
pose of this code is to provide a means 
of comparing gasoline engines. It is 
not intended as a laboratory manual. 
An infallible and simplified method of 
correcting power output is not believed 
possible at this date. This code is 
29.92 460+t considered the nearest present-day 

(‘B-E) W\ 520 practical approach.” 
Copies of the new Rules and Direc- 
Formerly, the correction factor was tions sheet are now available through 


Continued from Page 78 





pressure and 60 F). In the new ver- 
sion, the formula is: 


Corrected bhp 


(Observed bhp + fhp) » 


fhp 








HARD-WORKING SHOVEL AND CRANE 
ENGINES 


deserve the 





EXTRA 


PROTECTION 








RADIATORS! 


Typical sheet metal radiator 
for small shovels and cranes. 
Cast-iron tank radiators fur- 
nished for larger machines. 


Check the radiators used to cool busy 
engines of America’s leading cranes and 
shovels. You'll find many are Yates- 


All iva units for this service American. 

are specially built of heavier Yes, for the really tough jobs — 

gauge materials. those that demand the utmost in unin- 
terrupted cooling performance — wise 


engine manufacturers rely on Yates- 
American radiators. They know from 
experience that Sj engineers are sure 
to come up with the right answer for 
any heat transfer problems. They also 
know that Yates-American radiators 
they get tomorrow will be of the same 
high quality as those received last year. 


No matter what your heat transfer 
needs may be, you can be sure of 
prompt, accurate help from Yates- 
American — producer of quality radi- 
ators for motor and industrial trucks, 
tractors, compressors, locomotives, and 
power plants. Write today for com- 
plete information. 





Colifornia Representative: E, E. Richter & Son, Emeryville, Cal. 
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the SAE Special Publications Divisic 
Price is 10¢ to members and 20¢ | 
nonmembers for single copies, 8¢ eax 
for orders of 10 to 99 copies, and ° 
each for orders of more than 1l( 
copies. 

The other SAE Gasoline Engine Te 
Code forms (Forms GB-1 and GB-: 
GC, and GD-1 to GD-6) have not bee 
changed. 


Technical Board 
Approves 67 AMS 


[XTY-SEVEN Aeronautical Materia! 

Specifications were approved recently 
by the SAE Technical Board. The; 
are: 


*AMS 2212B, Tolerances, Magnesium 
Alloy Sheet and Plate 


* AMS 2407A, Chromium Plating, Porus 
* AMS 3002A, Alcohol, Denatured Ethy) 
* AMS 3004A, Alcohol, Methyl 

* AMS 3006A, Alcohol, Water Mixtures 


*AMS 3087B, Compound, Insulation 
and Sealing 


* AMS 3270A, Synthetic Rubber Sheet, 
Cotton Fabric Reinforced, Weathe: 
Resistant—Chloroprene Type 


*AMS 4185, Aluminum Alloy Brazing 
Wire, 12Si (718) 


* AMS 4375A, Magnesium Alloy Sheet 
and Plate, AX31x, Annealed. 


* AMS 4530B, Copper, Beryllium Alloy 
Sheet and Strip, 98Cu-1.9Be, Solution 
Treated 


* AMS 4532A, Copper, Beryllium Alloy 
Sheet and Strip, 98Cu-1.9Be, Solution 
Treated, Half Hard Temper 


*AMS 4610E Brass, Free Cutting, 
61.5Cu-35.5Zn-3Pb, Half Hard 


*AMS 4612C, Brass, Naval, 60.5Cu- 
0.8Sn-38.7Zn; Hard 


* AMS 4625D, Phosphor Bronze, 95Cu- 
5Sn, Hard Temper 


* AMS 4630D, Aluminum Bronze, 90Cu- 
8.5Al, Soft 


* AMS 4650D, Copper, Beryllium Alloy, 
98Cu-1.9Be, Solution Treated 


*AMS 4720B, Phosphor Bronze Wire, 
95Cu-5Sn, Spring Temper 


* AMS 4725A, Copper, Beryllium Alloy 
Wire, 98Cu-1.9Be, Solution Treated 


* AMS 4800A, Bearings, Babbitt, 91Sn- 
4.5Sb-4.5Cu 


* AMS 4803A, Zinc Alloy Castings, Die, 
4Al-0.04Mg, As Cast 


* AMS 4805B, Bearings, Sintered Metal 
Powder, 89Cu-10Sn, Oil Impregnated 


*AMS 4815C, Bearings, Plated Silver, 
Steel Back 


* AMS 4820B, Bearings, Leaded Copper, 
71Cu=28Pb-1Ag, Steel Back 


Continued on Page 118 
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Planning for the Future— 


FUEL METERING 


Building for the Present 


Bendix Products’ position of leadership in fuel metering and 
landing gear has been attained through its unique ability 
to plan as well as to produce. 


The specialized knowledge of trained engineers and the vast 
research facilities of Bendix are constantly employed in the 
development of new and better products. 


BENDIX - Sivision SOUTH BEND 


Assembled here, also, is the most modern and comprehensive 
machinery in the industry to assure production in quantity 
and precision in quality to meet your most exacting demands. 
Whether your problem is planning or producing fuel meter- 


ing, carburetion, struts, brakes or wheels, you will find Bendix 
Products is best qualified to do the job. 


AVIATION CORPORATION 
Export Sales: Bendix International Division, 72 Fifth Avenue, New York 11, N. Y. 


Stromberg* Injection 
Carburetors 


Fuel Metering Unit 
for jet engines 
Speed-Density 
Fuel Metering Unit 


Pneudraulic* 
Shock Absorbing Struts 


Landing Gear 
Wheels for all 
types of airplanes ; Segmented 
Rotor Brakes 
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Technical Board 
Approves 67 AMS 


Continued 


* AMS 4822B, Bearings, Leaded Bronze, 
72Cu-25Pb-35Sn, Steel Back 

* AMS 4824A, Bearings, Babbitt Coated 
Bronze, Steel Back 


* AMS 4825B, Bearings, Leaded Bronze, 


74Cu=-16Pb-10Sn, Steel Back 
* AMS 4827B, Bearings, Leaded Bronze, 
80Cu-10Pb-10Sn, Steel Back 


* AMS 4840A, Leaded Bronze Castings, 
70Cu-24.5Pb-5.5Sn 

* AMS 4842A, Leaded Bronze Castings, 
80Cu-10Sn-10Pb 

* AMS 4845D, Bronze Castings, 88Cu- 
10Sn-2Zn 

* AMS 4846A, 
11Sn-2Zn 

* AMS 4855B, 
5Pb-5Sn-5Zn 
* AMS 4860A, Manganese Bronze Cast- 
ings, 58Cu-39Zn-1.8Fe-1.0A1-0.5Mn 

* AMS 4862B, Manganese Bronze Cast- 
ings, 64Cu-24Zn-5.2Al-3.8Mn-3.0Fe 

* AMS 4870B, Aluminum Bronze Cast- 


Bronze Castings, 87Cu- 


Bronze Castings, 85Cu- 





conTRoLP[] WER arvier 








out of 10 


Leading - Grader Manufacturers Use 


ROCKFORD 
CLUTCHES 


To Insure Reliable Service Under the Difficult 
Working Conditions Met in Road Building Work. 


Let our engineers show you how —— 
ROCKFORD CLUTCH design and con- *#renes 
struction advantages will help make your <n 
product operate more efficiently and 

economically under adverse conditions. 















ROCKFORD CLUTCH DIVISION 


BORG-WARNER 


316 Catherine Street, Rockford, 


Illinois 





OCKFORD 
L HES 
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ings, Centrifugal and Chill, 85c 
11.2Al-3.6Fe, As Cast 

* AMS 4871B, Aluminum Bronze Ca: 
ings, Centrifugal and Chill, 85.3C 
10.9Al-3.6Fe, Heat Treated 

* AMS 4872A, Aluminum Bronze Cas 
ings, Sand, 85Cu-11.2Al-3.6Fe, As Ca 
* AMS 4873A, Aluminum Bronze Cas 
ings, Sand, 85.3Cu-10.9Al1-3.6Fe, He 
Treated 

* AMS 5024C, Steel, Free Cutting (0.3 


0.39C) SAE 1137 


*AMS 5053A, Steel Tubing, Welde 
0.08-0.13C (SAE 1010) Annealed 

* AMS 5310B, Iron Castings, Pearlit 
Malleable 


*AMS 5351A, Steel Castings, San 
Corrosion Resistant, 12.5Cr 

*AMS 5365A, Steel Castings, San: 
Corrosion and Heat Resistant, 25C: 
20Ni 

*AMS 5373A, Alloy Castings, Sand 


Corrosion and Heat Resistant, Cobalt 
Base, 28Cr-5W 

*AMS 5389A, Alloy Castings, 
Corrosion and Heat Resistant, 
Base, 17Mo-15Cr-6Fe-5W 
*AMS 5392C, Alloy Iron Castings 


Sand 
Nicke! 


Sand, Corrosion Resistant, 15Ni-6Cu- 
2Cr 
*AMS 5542C, Alloy Sheet, Corrosion 


and Heat Resistant, Nickel Base 15Cr- 
7Fe-2.5Ti-1(Cb+Ta) -0.7Al 

* AMS 5626A, Steel, High Speed, 18W- 
4Cr-1V 

*AMS 5667C, Alloy, Corrosion and 
Heat Resistant, Nickel Base, 15Cr-7Fe- 
2.5Ti-1 (Cb+Ta)-0.7Al 

*AMS 5668C, Alloy, Corrosion and 
Heat Resistant, Nickel Base, 15Cr-7Fe- 


2.5Ti-1 (Cb+Ta)-0.7Al 
*AMS 5687A, Alloy Wire, Corrosion 
and Heat Resistant, Nickel Base. 


15.5Cr-8Fe, Annealed 

*AMS 5690D, Steel Wire, Corrosion 
Resistant, 17Cr-12Ni-2.5Mo (SAE 30- 
316) 

*AMS 5770B, Alloy, Corrosion and 
Heat Resistant, Iron Base, 20Cr-20Ni 
20Co-4W-4Mo-4(Cb+Ta), Solution and 
Precipitation Treated 

* AMS 6324A, Steel, 0.7Ni-0.6Cr-0.25Mo 
(0.38-0.43C) 

* AMS 6450B, Steel Spring Wire, 0.95Cr- 
0.2V (0.48-0.53C) SAE 6150 

* AMS 7240A, Washers, Spring Lock 
*AMS 7247A, Inserts, Thread Form 
Phosphor Bronze, 95Cu-5Sn 

*AMS 7301B, Steel Springs, Highly 
Stressed, 0.95Cr-0.2V (0.48-0.53C) SAE 
6150 

* AMS 17304A, Steel Springs, 0.85-1.05C 
* AMS 7310B, Piston Rings, Cast Iron 
*AMS 7311A, Piston Rings, Centrifu- 
gally Cast Iron, 0.5Mo-0.5Cu 


*AMS 7320A, Sealing Rings, Cast 
Leaded Bronze, 79Cu-16Sn-5Pb 
*AMS 17322A, Sealing Rings, Cast 
Bronze, 80Cu-19Sn 

* AMS 17452B, Bolts and Screws, Steel 


Alloy, Heat Treated-Roll Threaded 

* AMS 7456B, Studs, Steel, Alloy, Heat 
Treated-Roll Threaded 

* AMS 7493, Rings, Flash Welded, Non- 
Austenitic Corrosion Resistant Steels 
* AMS 7496, Rings, Flash Welded, Car- 
bon and Loy Alloy Steels. 
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SLEEVE BEARING APPLICATIONS 


Simplified design and production savings designed. Re-design of bearings alone can 
can be effected in bearings, bushings and sometimes be very helpful also. Our Engi- 
similar precision parts by designing the neering Department is prepared to provide 
bearing when the engine or unit itself is _ this service—consult us without obligation. 





ad Many alloy variations are available. When design, alloy 
i lining, back material and production method are prop- 

erly combined, you obtain maximum performance at 
| a practical cost. 












7s 


#\as 


Copper-leads of similar chemical analysis can give 
radically different performance results. Our improved 
copper-lead metal powder and entirely new casting 
techniques for our cast bearings permit great flexi- 
bility to meet the widest range of requirements. 


AAISCVT TIO AAD 
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ivii 
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" 


a 


For heavy-duty service we produce cast bronze bush- 
ings (and intricate precision bronze parts) to almost 
all bronze specifications. The rolled split-type bushing 
offers many economies where heavy-duty is not in- 
volved, provides substantial material savings while 
maintaining performance standards. 





ERE 





Our Engineering Department 
Our six plants produce 
sleeve bearings in all 
designs and sizes; cast 
bronze bushings; rolled 
split-type bushings; 


is glad to work with you in original 





: design development or re-design 


of existing units. bi-metallic rolled 
° ° bushings; washers; spacer 
; For information address: tubes; precision bronze 


parts and bronze bars. 
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Burned-out 
Waste Manpower { 


Name - = 
Company é 
Street 
City Zone 
BRANCH OFFICES: ATLANTA « CHICAGO 
NEW YORK ¢ WASHINGTON, D.C. «¢ 
120 








Men without motors are just 
aboutas helpless ina modern 
factory as a wagon without 
wheels on a superhighway. 

In many plants the failure 
of a single motor used to 
drive an overhead crane or 
a conveyor system can cost 
thousands of dollars an hour 
in lost production and wasted 
man-hours of labor. 

The answer is Class H in- 
sulation made with Dow 
Corning Silicones. In a steel 
mill, for example, a cupola 
crane hoist motor insulated 
with the best Class B mate- 
rials had an average life of 








only 50 days. Rewind costs 
alone amounted to $3,634 
in three years. That motor, 
rewound with Class H Insu- 
lation at an extra cost of only 
$79 was still in good con- 
dition after 613 days on the 
hoist and 908 days on the 
trolley bridge. 

And Class H is readily 
available. Most of the best 
rewind shops now feature 
this longer lasting, more reli- 
able class of insulation. Lead- 
ing motor manufacturers are 
quoting price and delivery 
on new Class H machines. 


Dow Corning Svicones Mean Business ( 


MAIL THIS COUPON TODAY! 


DOW CORNING CORPORATION, MIDLAND, MICHIGAN 


Please send me [|] More Evidence [_] List of Class H 
Rewind Shops [_] List of Motor Manufacturers Offering 


New Class H machines. 








DOW CORNING 


V-6 


SILICONES 





e CLEVELAND « DALLAS « LOS ANGELES 
In CANADA: Fiberglas Canada Ltd., Toronto 


In GREAT BRITAIN: Midland Silicones Ltd., London. 











New Members Qualifie/ 


These applicants qualified for admi 
sion to the Society between April | 
1951 and May 10, 1951. Grades 
membership are: (M) Member: (, 
Associate; (J) Junior; (SM) Servi 
Member; (FM) Foreign Member. 





Atlanta Group 

John Evan Fears, Jr. (A), William F 
Sadler (A), Tom Turney (M). 
Baltimore Section 

Joel M. Jacobson (M), John G. Wor- 
man (M). 


British Columbia Section 


William E. Atkinson (M), Joseph 
Scott Otis (A), William Fowler Otis 
(A). 


Buffalo Section 
John A. Mattison (M). 


Canadian Section 


T. J. Bell (A), William Hannah (A), 
Harford Hughes (J), Lt. Col. Peter C. 
King (M), Charles William Tunis (A), 
Richard B. Vesey (A), Lloyd Brian 
Walker (M). 


Chicago Section 


John B. Baker (M), Willis M. Bercaw 
(A), Kenneth Bruce Bruckelmeyer (A), 
Charles F. Bunker (M), Sinclair 
Fielder Cullen (J), Arthur C. Davis 
(M), L. W. Ehlers (A), Frederick H. 
Engelke (M), Clarence O. Goff (A), 
John G. Hallin (J), Ralph L. Handy 
(M), Harry B. Holthouse, Jr. (M), 
Sherman ‘M. Katz (M), C. Ayatt King 
(A), P. H.. Korrell (M), Lewis C. 
Laderer (A), Milton M. Marisic (M), 
George E. Mittelman (A), Charles J. 
Parker (M), Doyle Reynolds (A), Clin- 
ton G. Rood, Jr. (J), Robert W. True- 
blood (A), John Joachim Unger (J), 
Joe Valence (M), Peter Wargo (M). 


Cincinnati Section 


Robert B. Bing (A), William R 
Dally (A), Allen W. Goode (A), Ken- 
neth M. Lamb (A). 


Cleveland Section 


John Balint (A), Roger Glen Ben- 
jamin (J), Carl M. Bliss (M), Gaines 
M. Cook, Jr., (J), Holger Ridder (A). 
Theodore A. St. Clair (M), Robert 
John Taylor (J), William Thorrat (J), 
Peter Usalis (M), Joseph E. Zuber (M) 


Colorado Group 


John N. Gromer (M), T. Allen Pel- 
sue (A). 
Continued on Page 122 
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< 3.500 HORSEPOWER PLUS... abo 


~~ eg 39 Mb, per h. p. pet hr. — fuel CONSUMPTION al cruise power - 
' ~. SRM horsepower PLUS per 1b. of welght with exhaust SVSTOM 


~. m: 98 cylinders that operate at only 43%, of power at crutse 


i ~< Byes / horsepower PLUS per cu. tn. of displacement - 


~, “—~-— Short, stiff ) crankshaft: one piece master rod bcarings 


a Br 4 


— Rugged steel crankcase for reliability and lower maintenante cost =~ 


eval a5 “Balanced arr distribution plus fuel injection for longer vate, piston and plug life —= 
oe ier 4 


=. Single lever throttle control—no Power controls required — 


ae 
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To the Lube Oil Compounder who 


wants to make high quality orls 


at minimum treating costs 


2 COMPARE 
ORONITE ADDITIVES 











ORONITE 








7 THE NAMETO WATCH IN. “CHEMICALS 


R 


Quality and performance of oils containing- Oronite 
Additives have been proved in millions of miles and 
hours of actual service. The high efficiency of the 
detergent and inhibitor chemicals from which these 
additives are formulated insures top performance. The 
high quality and careful balancing of these chemicals 

es possible important savings in treating costs. We 
invite you to — them with any other additives 
and see for yourself. 


Investigate now! Contact the nearest Oronite 
office for complete information. 


NOTE 


Bececuse of unprecedented demond 


some Oronite Additives are currently 
in shor? supply 





38 SANSOME STREET, SAN FRANCISCO 4, CALIF. STANDARD Gil BLDG, LOS ANGELES 15, CALIF. 
30 ROCKEFELLER PLAZA, MEW YORK 20,07. 600 S MICHIGAN AVENUE, CHICAGO 5, ILL. 
024 WHITHEY BLOG, NEW ORLEAMS 12, LA 










New Members Qualified 


Continued 





Dayton Section 


Gerald E. Keinath (J), Hugh Alex 
ander Williams, Jr. (J). 


_Detroit Section 


Charles C. Adams (J), John J. Arm 
strong (J), Charles L. Burleigh (A 
Edwin A. Desmond, Jr. (M), Gideon A 
DuRocher (M), Henry H. Durr (M 
Joseph H. Fox (J), John T. Hadwin 
Jr. (M), Drew C. Haneline (A 
Thomas L. Heller (J), John T. Hoban 
(M), John G. Hodnicsak (J), Joh 
Stephen Holton (A), Richard D 
Jacobs, II (M), Harold William John- 
son (M), Charles J. Koehn (A), Alex- 
ander J. Lapointe (M), Howard E 
Lukey (A), James W. MacQueen (M 
J. F. Masden (J), Belding Henry 
McCurdy (M), Malcolm R. McKellar 
(M), John F. McLean, Jr. (M), N. P 
Miller (M), Robert J. Offer (M), Row- 
land George Oonk (J), Sylvester Patyk 
(J), Donald Pickles (M), Edward K 
Pilcher (A), Robert F. Ploeger (J) 
David Turner Roberts (J), L. S. San- 
ford (M), John Gallus Schaub, Jr. (J) 
Arthur J. Schuneman (J), Robert A 
Stranaham, Jr. (A), Karl Melton Unse1 
(J), Everett C. Vallin (M), Arthur M 
Waldo (M), Richard W. Wantin (M) 
Howard H. Wilder (M). 


Indiana Section 


Laurence E. Bowen (M), Leo M 
Darts (A), Keith D. Evans (M), Carl 
J. Hassett (A), Forrest E. Hull (M), 
Carl A. Lindblom (M), Melvin Joseph 
Slater (M), C. Stanley Sundling (M) 


Metropolitan Section 


Felix W. Braendel (M), Fred H 
Bromm (M), Samuel R. Chasalow (A), 
John M. Ciborski (M), Edward J 
Crowley (J), Harald Finnstrand (M), 
John R. Flanagan (M), Herbert S. 
Fried (J), John A. Jones, Jr. (M), 
John B. Moore (M), William J. Seigel 
(M), Raymond C. Silvers (M). 


Mid-Continent Section 


Warren A. Brown (J), R. C. Neely 
(A), Robert W. Unterreiner (J), Robert 
E. Weintraut (J). 


Milwaukee Section 


E. C. Brekelbaum (M), Leo T. Brin- 
son (M), Rupert J. Loeffler, Jr. (J), 
Lester M. Maresh (J). 


Montreal Section 





John S. Brock (M), Richard Henry 
Hales (J). 
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New Members Qualified 
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lew England Section 


Alfred F. Anderson, Jr. (M), John 
H. Durant (A), Walter J. Good (A), 
Hans Lanz (M), Percy Stanwood Ross 
A). 


Northern California Section 


Alfred G. Anderson (J), Lester E. 
Lewis (A). 


Northwest Section 
David A. Tozer (A). 


Oregon Section 
Raymond H. Wolfgram (A). 


Philadelphia Section 


John K. Montgomery (M), Charles 
W. Rak (J), George H. S. Snyder (M), 
Robert Allen Winemiller (A). 


Pittsburgh Section 


E. Newman Giles (A), Maynard W. 
Teague (M). 


San Diego Section 
Harry F. Bartling (M). 


Southern California Section 


Mark J. Biondich (A), Marvin N. 
Birken (J), Jack M. Craig (A), Ed- 
ward R. Daley (A), D. L. Francisco 
(A), George S. Gregson (J), Strother 
C. MacMinn (A), A. F. Reznicek (M), 
Lt. W. R. Rogers (J), Samuel J. Smyth 
(J), Morgan L. Sweeney, Jr. (M), 
Joseph D. Thompson (A), Curtis R. 
Washburn (M). 


Southern New England Section 
Richard C. Keane (M), Stanley M. 
Terry (M). 


Spokane Intermountain Section 
Harold A. Halstead (A). 


Syracuse Section 


Edward R. Brewer (M), William C. 
Coburn (M), Glenn H. Dingman (M), 
Charles W. Trout (A), Harold R. 


Turner (M). 


Texas Section 


C. A. R. Anderson (A), Edward J. 
Bowhay (M), Robert R. Jameson (J), 
James Burr Powell (A), Tom P. Steger, 


Jr. (A), William Ruskin Wood (J). 


Twin City Section 
Lawrence G. Boschma (J). 
Continued on Page 124 
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One Man with a Wrench.. 


and 





Conquer 

“BLIND SPOTS”’ 

in the assembly 
of Metal Parts 


NO HELPER — NO DEVICE 
is needed to hold nut from turning 
In concealed and hard-to-get- 


at places in the assembly of 
metal parts, Midland Welding 






Nuts enable more efficient use MIDLAND 
WEL 

of manpower, and help speed aa 

production. § 


Bolts are easily and speedily ole 
turned into Midland Nuts, : 
welded to parts in concealed i 
positions, without needing ae jj | 
any device or an extra man to YY. 
hold the nut from turning. hi 


i 
When production problems 


involving “blind spots” con- . mipLAND NUT welded 
front you, think of Midland ¢o concealed part holds 


Welding Nuts—and consult fast while bolt is turned 
us for complete information. ° into it. 


THE MIDLAND STEEL PRODUCTS CO. 


6660 Mt. Elliott Avenue «+ Detroit 11, Mich. 
Export Department: 38 Pearl St., New York, N. Y. 


= eS 


0 
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World’s Largest Manufacturer of 
AUTOMOBILE and TRUCK FRAMES 


Air and Vacuum 
POWER BRAKES 





Air and 
Electro-Pneumatic 
DOOR CONTROLS G 
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because NORDBERG MANUFACTURING CO. 
uses the PROFILOMETER 


What is a minimum break-in period for an engine? Nord- 
berg Manufacturing Company, Milwaukee, Wisconsin, 
wanted the answer to this question as it applied to their 
products—and the Profilometer helped them get it. 


Nordberg engineers established an optimum surface rough- 
ness rating for the 1. D. of their radial engine cylinder bores 
to assure the minimum break-in period of the engine. To 
eliminate any uncertainty as to the exact finish that was 
being secured in each cylinder bore, Nordberg put the 
Profilometer to use. The result has been that every bore is 
uniform in its surface finish, and break-in presents no prob- 
lems in a Nordberg engine. 


Of primary importance, at Nordberg, the 
Profilometer is used at the spot where it is 
most valuable—right next to the vertical 
hone. As in many other plants, it is fully 
recognized as an important shop tool. 





To {' arn bow the Profilometer can help cut costs in 
vow production, write today for these free bulletins. 


) Profilometer is a registered trade name. 


PHYSICISTS RESEARCH COMPANY 


Instrument Manufacturers 











ANN ARBOR Il a MICHIGAN 
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New Members Qualified 
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Virginia Section 


Beverley R. Belcher (A), W. I. Shipp 
(A). 


“Washington Section 


Clarence William Lindgren (A) 


Western Michigan Section 
William M. Frank (A). 


Wichita Section 
John R. Thomas (M). 


Outside Section Territory 


Paul C. Brumback (A), Paul S. Dean 
(M), Archie D. Dennis (A), Daniel 
Fort Flowers (M), Burr C. Folts (M), 
Merlin Hansen (M), Robert B. Hum- 
phreys (M), Howard Jensen (SM), 
Lemuel R. Ladd (SM), Robert S. Mar- 
tin (J), ist Lt. William Stephen 
Matthews, Jr. (J), Francis Thomas 
McQuire (M), Eldon Miller (A), Merle 
L. Miller (J), E. W. Rauh (A), James 
R. Tucker (A). 


Foreign 


Roy Hewitt Davies (J), England: 
Orazio Satta Puliga (FM), Italy. 





Applications Received 


The applications for membership re- 
ceived between April 10, 1951 and May 
10, 1951 are listed below. 





Atlanta Group 
Herman G. Heller. 


British Columbia Section 
John William Podmore. 


Buffalo Section 


Glenn A. Johnson, Fred A. Stenning, 
Donald Stoltman, Eugene Willihnganz. 


Canadian Section 
Reny Barki. 


Chicago Section 


Lyle C. Atwood, George A. Bobelis, 
Frank Bott, Edward Brenner, Boris B. 
Brouevitch, Norman B. Howells, Robert 
F. Jaske, John F. Kreiner, Elwood W. 
Krueger, Frederic G. Lussky, Robert 
L. May, Charles H. Morse, Jr., Harold 
L. Sanders, Raymond W. Schulte, Ed- 


Continued on Page 126 


SAE JOURNAL, JUNE, 1951 














Sterling Engineers will work with you 


as they have with other leading 


manufacturers in developing pistons to meet 


your exacting requirements. Write or phone. 
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TELLITE TELLS 





Operators often forget to check engine gauges. Result: 
bearings burn out, engines heat up, generator systems 
fail, etc. And your reputation for building dependably 
performing engines (or operating them) starts down 
the hill. It’s not your fault, but what can you do? 

Plenty—you can install Rochester TELLITE Visual 
Warning Systems. New, unique TELLITE gives operators 
a virtually fool-proof warning when trouble begins— 
before damage is done. A pilot light glows steadily under 
normal conditions. But when something happens— 
Wham! ... That light starts flashing brilliantly. 

TELLITE gives the initial warning of trouble ahead. 
ROCHESTER GAUGES accurately and dependably indicate 
where the trouble lies—before it’s too late. Whatever 
your instrument problem, the chances are a standard 
ROCHESTER gauge can handle it. Write ROCHESTER 
MANUFACTURING COMPANY, 21 Rockwood Street, 
Rochester 10, New York. 





Za. > 


ROCHESTER 


MANUFACTURING COMPANY, INC. 


DIAL THERMOMCTERS 












GAUGES AMMETERS 
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Applications Received 


Continued 





ward C. Shaar, Harold R. Taliaferro 
Chester R. Wiedemann, William R 
Williams. 


Cincinnati Section 


Carl F. Bennett, 
Walter H. Kruse, Jr. 


Milton Gervin, 


Cleveland Section 


John E. Carnahan, Cecil H. Hubbard, 
Thomas E. Kartisek, Gale T. Warner. 


Detroit Section 


Harold A. Beatty, George Brenz, 
William J. Clark, Capt. Robert H. Free- 
burger, Owen William Hale, William 
Harms, Charles Gordon Hicks, Alvin 
M. Kurz, R. G. Hogan, E. D. Marande, 
George N. Medawar, John C. Miller, 
Frederick John Peterson, James M. 
Prange, Stefan Pronaszko, C. W. 
Rainey, Robert S. Rarey, Harvey Her- 
shel Resnick, G. Scott Sample, Donald 
D. Simpson, David M. Skirving, Witold 
K. Skuba, Chris L. Sloman, Rufus 
Charles Snook, Alfred L. Stem, John O. 
Stephenson, Edward West. 


Hawaii Section 


William R. Chillingworth, Richard 
G. Deemer, Albert Ruddle, Jr., Gary 
D. Sakata. 

Indiana Section 

Robert M. Tuck. 


Kansas City Section 

Kenneth Flint Long, Claude A. Mc- 
Comb, Ralph V. Shuff. 
Metropolitan Section 


James G. Campbell, William N. Fen- 
ney, Jr., Michel J. Fliegler, Harry Gel- 
bach, John Goldhammer, Herbert C. 
Morris, Thomas John O’Grady, Jr., 
Bennett H. Ravlin, Alfred K. Wright, 
Daniel Yawnick. 

Mid-Continent Section 


Glenn E. Holman, Robert J. Masar. 


Mid-Michigan Section 
L. V. Rangeler. 


Milwaukee Section 


Robert Walter Hanak, Joseph Mor- 
vak, Richard E. Rogers, Giles Emery 
Smith. 

Mohawk-Hudson Group 

William C. Fuhlborn. 


Montreal Section 


Joseph A. De Grace, Albert Victor 
Delcloo, John H. Glashan, William G. 
Green, Guy Kenneth Mantha. 
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TWO PEAS IN A POD 


tae The proverbial uniformity of peas in a pod is put to 
shame by today’s precision builders. The first and the 
millionth of an AC-built unit will be identical—in size, 
in quality and in finish. 


Precision such as this has attracted and held the patronage 
of more than 300 automotive manufacturers, who are 
AC’s customers for various equipment units. 


If you use units included in the many lines of AC equipment 
products, why not drop us a line? Address your inquiry 
to any of the three offices listed on this page. 


AC SPARK PLUG DIVISION * GENERAL MOTORS CORPORATION 
AC EQUIPMENT SALES OFFICES 


Lincoln Tower Building 1300 North Dort Highway Genera! Motors Building 
Chicago 1, Illinois Flint 2, Michigan Detroit 2, Michigan 
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AC CURRENTLY MANUFACTURES: 


ADAPTERS (Drive) 
AIR CLEANERS 


AIR CLEANERS AND SILENCERS 
(Combination) 


AMMETERS 

BREATHERS (Crankcase) 
CAPS (Radiator Pressure) 
DIE CASTINGS (Zinc) 
FLEXIBLE SHAFT ASSEMBLIES 
FUEL PUMPS 


FUEL AND VACUUM PUMPS 
(Combination) 


FUEL FILTERS, FUEL STRAINERS 
GASOLINE STRAINERS 
GAUGES—AIR (Pressure) 
GAUGES—GASOLINE 
GAUGES—OIL (Pressure) 


GAUGES—TEMPERATURE 
(Water, Oil) 


OIL FILTERS (Lube) 

PANELS (Instrument) 

SPARK PLUGS 

SPEEDOMETERS 

TACHOMETERS 

TERMINALS (ignition Wire) 
VALVES (Crankcase Ventilation) 
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HOW INDUSTRY IS USING 
RUBATEX CLOSED CELL RUBBER 


Product engineers in industries have found Ruspatrex Closed Cell Rubber 
the ideal material for uses such as these: 


Gaskets 

Automobile arm rests 

Anti-squeak pads 

Dust barriers 

Low temperature insulation Fatigue mats 

Packing cushion for fragile Expansion joint filler 
goods Arctic equipment 

Flotation devices Shoe innersoles 


Athletic shock padding 
Gymnasium mats 
Kneeling pads 

Crash pads 


Typewriter cushions 
Rug underpad 

Seat cushions 

Bath and kitchen mats 
Crib and play-pen mats 
Weather stripping 
Vibration damping 


Ruparex is light in weight, buoyant, and has good compressive strength. It can- 
not absorb moisture even at cut edges. RuBATEX is rot and vermin proof and 
sanitary. There is a big economy factor to Ruparex. Most gasket requirements 
can be cut from sheet stock without need for the expense of a molded-on skin. 
RuBATEX is available in natural and synthetic stocks and in soft, medium and 
firm forms. For more information, write for Catalog, RBS-12-49, Great American 
Industries, Inc., Ruparex Division, Beprorp, Vircinia. 


RUBATEX 


CLOSED CELL RUBBER 








anaes nomen ZERO MOISTURE ABSORPTION 


*] bber shows the 
Sree ema ie rena om RESILIENT AT LOW TEMPERATURES 
nitrogen under pressure 


EXCELLENT SHOCK ABSORPTION 














Applications Received 


Continued 





New England Section 
Harold A. Connor, P. M. Ku. 


Northern California Section 
Robert M. Snyder, Richard S. Tayk 


Oregon Section 
Ancel S. Page. 


Philadelphia Section 


Harry L. Cuthbert, George C. Flynn 
Kent Hyatt, Robert Charles Ledere: 
Donald K. Marsh, Edward H. Smith 
Edward L. Spicer, Lawrence E. Vogt. 


St. Louis Section 

Harold Kramer, Thomas L. Walke: 
Jr. 
San Diego Section 

Murray Ogman. 


Southern California Section 


Joseph Michael Collins, Ralph D 
Hall, Eugene Alvin Ransom, Albert H 
Ross. 


Southern New England Section 


Erwin F. Grimmeisen, C. E. Holt- 
Singer, Jr., J. Frederic Johnson, Her- 
bert M. Nicholas. 


Syracuse Section 
Stephen Edward Gregoire. 


Texas Section 


Nolan J. Clark, I. G. Kennon, Jr 
V. W. Watkins. 


Twin City Section 
Robert F. Piculell. 


Virginia Section 


Marcus A. Fuller, Jr., Eugene B 
Sidoli, Jr. 


Washington Section 
Ray P. Teele. 


Western Michigan Section 


William Keller McInerney, William 
J. Purchas, Jr., C. W. Truxell, Jr. 


Outside of Section Territory 


Howard C. Aldridge, Edward Thomp- 
son Curlette, Charles Henry Dawson, 
Colin D. MacKenzie, Geoffrey G. 
Morgan, Harold O. Skinner, J. H. 
Walters. 


Foreign 


Giuseppe Alfieri, Italy; Keneth Bar- 
low, England; Harold George Dunn, 
England; John Edward Hanbury, Eng- 
land; Debi Prasad Mukherji, India; 
Harry Viktorsson, Sweden; Raymond 
P. Vincent, Scotland; Eric Wilcock, 
England; Mario Zavattaro, Italy. 
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In the Other Fellow’s Place 


0 
By Norman G. Shidl Co 
ee) 
To figure why others act the way they do, it is often recom- on 
mended: _ 
«. 
“Put yourself in the other fellow’s place .... How would <c 
you feel? .... How would you act?” © 
When we try this method of understanding, how often os 
do we come up with the answer: — 
“Well, I certainly wouldn’t feel or act the way he does!” = 
Li. 
The attempt leads to solidification of our existing opinions QO 
about the other fellow more often than to understanding al 
better what makes him do and say what he does. To know f. 
that, we have to get our own ego out of the way—and putting Oo} 
our self in his place does no such thing. o 
Gerald Heard quotes Morley, the great liberal historian =~ 
as saying: “You must never denounce, you must explain, —— 
otherwise you are just at the level of the person you abuse.” = 
Then, adds: “But I think we can go further. We must not 


only explain, we must re-interpret.” 


Figuring what J would do under the circumstances faced 
by another has little relation to understanding why he acts 
as he does. The real problem is to see the situation through 


his eyes .... not through our own eyes transplanted into 
his situation. 


A great novelist is one who can feel how differently each 
of his characters would react to a given circumstance... . 
f whose people think and reason and act on motivations 
A sparked by different emotional backgrounds, different re- 
ligious convictions, different educations—different ethical 
standards. (John Galsworthy did just this in his famous 
“Forsyte Saga.’’) 


A great propagandist—who uses the novel form as a 
vehicle to carry his message—creates more puppets than 
characters. He merely puts himself in the other fellow’s 
place; makes his people act the way he would, if faced with 
their situations. (H. G. Wells did this in “Tono Bungay” 
—and practically all of his other novels.) 


The great novelist understands other people; the great 
propagandist wants them to be what he can understand. 
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Cost-cutting Hine, 
way to 2 Gan 
better product fi 


polish in the flat 
treat with Bonderite 
form and finish 


Metal polishing and buffing account for 











a lot of the cost in production of formed parts 
which are painted or plated. Automatic polishing 
of metal in the flat is faster and less expensive, 
but bare polished steel is subject to scratches and 


galling in the forming operation. 










However, when the flat-polished sheet is treated 
with Bonderite and lubricated to prevent scratches 
and die marks, production comes through the 
forming operation in good shape and savings 


mount up. 







If you have a production problem on high-finish 


formed parts, the Bonderite method of production 












may save you real money. Let us work with you 


to cut costs. Parker Products meet 
government specifications 


Get your copy of reference guide to government finish 
specifications and the Parker Products which meet them. 


Bonderite, Parco, Parco Lubrite—Reg. U.S. Pat. Of. 


2181 East Milwaukee Avenue, Detroit 11, Michigan 


BONDERITE—Corrosion Resistant Paint Base » PARCO COMPOUND—Rust Resistant = PARCO LUBRITE—Wear Resistant for Friction Surfaces 
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